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INTRODUCTION 
The bulk-population method of plant breeding has been 
used extensively by breeders of autogamous species because 
it is less expensive than other conventional breeding methods. 
During bulk propagation, inbreeding increases homozygosity at 
segregating loci and natural selection may produce directional 
changes in genotypic frequencies within the bulk population. 
Of course, these changes may be at variance with the breeder's 
goals because relative yield of a genotype in a pure stand is 
not necessarily a criterion of its ability to survive in com­
petition with other genotypes (Suneson, 1949). 
Field crop breeders agree that high yield and stability 
of production across variable environments are desirable 
traits for cultivars to possess. However, there is a differ­
ence of opinion in the approach to use for obtaining high 
yielding and stable cultivars when one is using the bulk 
method. With one approach, the bulk would be grown in suc­
cessive generations at a single esqjerimental site, whereas 
with the second, the bulk would be propagated in differing 
sites or environments (Borlaug, 1965). The latter is referred 
to as "disruptive selection". With either method for propa­
gating the populations the individual genotypes, when tested, 
will be in an advanced generation and natural selection is apt 
to have occurred. Now, growing the bulk at a single site 
throughout its propagation may tend to favor genotypes that 
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are adapted to a specific environment, whereas with the dis­
ruptive method, natural selection may tend to favor genotypes 
that are adapted to many environments, and thus would be 
stable over a range of environments. 
The general objective of my study was to determine whether 
the single-site and disruptive methods of propagating succes­
sive generations of bulk oat (Avena sativa L.) populations 
favored differential survival of genotypes with respect to 
their productivity, production response, and production sta­
bility traits. 
The specific objectives of my study were* 
1. To compare the changes, if any, for quantitatively 
inherited traits that may have occurred in bulk oat 
populations propagated in successive generations at 
a single site and disruptively, and 
2. To assess the effects single-site and disruptive 
propagation had on the production response and 
stability characteristics of genotypes within the 
bulks. 
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LITERATURE REVIEW 
Bulk Population Method 
The bulk population breeding method as described by 
Nilson-Ehle consists of growing segregating populations of 
autogamous species for six to eight generations following 
hybridization, after which pure-line selections are made for 
comparative testing (Florell, 1929). This method relies 
mostly on natural selection to change the array of surviving 
genotypes (Jain, 1961), but mild artificial selection may be 
used as a supplement to eliminate agronomically undesirable 
genotypes. Natural selection ultimately produces a population 
of genotypes better adapted to an environment through survival 
of the fittest. The environmental forces that cause natural 
selection have been classified as predictable and unpredict­
able (Allard and Bradshaw, 1964). Predictable environmental 
variations consist of the general characteristics of a loca­
tion, such as soil types, nutrient and moisture availability, 
etc., whereas variations due to years or seasons are con­
sidered unpredictable. 
The effect of natural selection on complex traits can be 
a directional or stabilizing force. Harlan and Martini 
(1938) studied survival of 11 barley (Hordeum vulaare L.) 
varieties in a mixture grown for many years at several loca­
tions in the United States. One or two cultivars became 
dominant with rapid elimination of less adapted cultivars at 
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each location. The dominant cultivar at one location was 
eliminated at another due to specific adaptations of certain 
cultivars. Adair and Jones (1946) divided bulks of Fg seeds 
of rice (Orvza sativa L.) into three portions and propagated 
one lot in each of the three states, Arkansas, Texas, and 
California, for eight generations. Subsequently, samples from 
each location were grown in a replicated trial in Arkansas, 
and they showed that the environment of bulk propagation 
caused marked differences in maturity and plant height, but 
grain type survival was neutral. Laude and Swanson (1942) 
worked with single species mixtures of wheat (Triticum 
aestivum L.) and barley cultivars, and found that natural 
selection caused rapid domination by one cultivar. Finkner 
(1964) reported that natural selection was inefficient in 
eliminating nonwinterhardy types from bulk hybrid oat (Avena 
sativa L.) populations. 
The pivotal point for the bulk breeding method is 
whether agronomic productivity and competitive ability are 
correlated. Studies on the survival of genotypes of cultivar 
mixtures of autogamous species have shown variable relation­
ships between competitive ability in mixtures and yielding 
ability in monoculture, Suneson (1949) found that Vaughn, the 
highest yielding cultivar in pure stand, was eliminated-in a 
mixture of four barley cultivars after 15 years of bulk 
propagation. Jennings and de Jesus (1968) reported a negative 
relationship between yield of five rice cultivars in pure 
5 
stand and their competitive abilities in mixtures. SaKai 
(1955) studied barley cultivars and their hybrids and found 
that the more vigorous hybrids had lower competitive ability 
than their parents. On the contrary, Blijenburg and Sneep 
(1975) obtained good agreement between competitive ability in 
a mixture and yields in a monoculture for eight barley culti­
vars. Of course, competition is more complex in hybrid bulk 
populations because of the dynamic changes in the genotypic 
frequencies over the segregating generations. 
The bulk method has produced variable results with re­
spect to evaluating the potency of crosses, extraction of 
superior genotypes in advanced generations, and improvement 
of the populations per sg. 
Harlan et al. (1940) demonstrated the usefulness of the 
bulk method for evaluating the prepotency of barley crosses. 
Progenies from 379 biparental crosses of barley were assigned 
to five yield groups on the basis of Fg bulk yields. The 
bulks were propagated until Fg when single plant selections 
were made from each. Mean yields for the groups of Fg-derived 
line from crosses corresponded well with the yield groupings 
on the basis of Fg bulks. Also, there was a positive rela­
tionship between the Fg yield groups and the percentage of su­
perior Fg-derived lines obtained, so they concluded that infe­
rior crosses could be discarded on the basis of Fg bulk yields. 
Harrington (1940) also found that the yields of Fg-, F^-, and 
Fg-derived lines from six wheat crosses had positive associa-
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tion with the Pg bulk yields. However, contrary results were 
reported by other researchers, Atkins and Murphy (1949) 
tested 10 crosses of oats as bulks from Fg through Fg and 
classified the crosses into high and low yield groups on the 
basis of yield in the five generations. They found that 
equal numbers of high yielding F^ selections came from both 
yield groups, Kalton (1948) and Weiss et al, (1947) reported 
low and nonsignificant intergeneration correlations for yield 
of^Fg, Fg, and F^ bulks from crosses of soybeans (Glycine 
max L., Merr.). Similarly, Fowler and Heyne (1955) found no 
relationship between yield in the early generation bulk and 
selections in advanced generations for crosses of hard red 
winter wheat. 
Florell (1929) extracted high yielding Fg and Fg lines 
from bulk populations of wheat. Suneson and Stevens (1953) 
reported an improvement in yield of lines derived in advanced 
generations of composite crosses of barley in California. 
Lines selected in early generations showed no yield improve­
ment but those selected in F^g did. Jain (1961) tested lines 
from the F^, F^, F^^, and F^^g generations from barley 
composite cross V and found a trend towards an increased 
proportion of superior yielding genotypes over generations 
of bulk propagation. On the contrary, no new cultivar of wheat 
fit for release was produced by the bulk method of breeding 
during 25 years in New Zealand (Sakai, 1955), 
Data on improvement of bulk populations per se have 
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been equally contradictory, Adair and Jones (1946) found 
differential response for heading date, plant height, grain 
type and awnlessin bulk population of rice propagated in three 
environments. Suneson (1956) reported a marked yield improve­
ment for four barley composite cross bulks. In early genera­
tions, yields of the bulks were inferior to Atlas 45, the 
check cultivar, but in advanced generations they were equal to 
the check. In a composite of 6,000 barley entries, Rasmusson 
et al. (1967) obtained an increase in yield of 9.7% per year 
during six years of bulk propagation in a late-planted environ­
ment in Minnesota. Johnson and Singh (1970) found differen­
tial responses for yield, heading date, and maturity in bulk 
populations of barley grown in to Fg in different environ­
ments. Significant differential winter survival in bulk hy­
brids from nonwinterhardy x winterhardy barley crosses was 
reported by Warnes and Johnson (1972), but no bulk was equal 
to the hardy parents. 
Marshall (1976) obtained increased freezing resistance 
and winter survival in bulk hybrids of oats between Fg to Fy. 
Fatunla and Frey (1974) observed changes in yield, plant 
height, seed number per plant, and plant height in bulk 
populations of oats. Gonzalez-Rosquel (1976) studied the 
evolution of bulk populations of oats grown for several con­
secutive years in northern, central, and southern Iowa. There 
were mean increases in the three lines of descent for plant, 
straw, and grain yields , although the magnitude and timing 
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of the response differed. Khalifa and Qualset (1975) found 
significant increases in yield and plant height from to Fg 
of a bulk hybrid of wheat. On the contrary, Finkner (1964) 
found that bulk method was inefficient for selecting winter-
hardy cultivars of oat. Frey (1967) found nonsignificant 
changes for seed weight, plant height, and heading date for 
an oat bulk in Iowa, and Taylor and Atkins (1954) found no 
yield improvement in bulk populations of barley grown con­
tinuously at several sites in Iowa. 
Experimental results about the effects of natural selec­
tion with the bulk method are controversial, but it does pro­
vide an inexpensive technique for handling large populations 
of plants while inbreeding and natural selection are operating 
to produce directional changes in genotypic frequencies. And 
of course, the breeder can employ artificial techniques in 
advanced generations to select superior genotypes from the 
populations. 
Adaptation 
Adaptation in the biological sense has been described 
as a genetic ability of organisms which results in stabiliza­
tion of the genotype-environment interaction by means of 
physiological and genetic reactions to environments (Matsuo, 
1975), Thus, an adaptive organism must possess a homeostatic 
mechanism to enable it to maintain certain aspects of its 
physiology consistently despite environmental forces tending 
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to disrupt the consistency (Cannon, 1932). Lerner (1954) 
proposed the terms "developmental" and "genetic" homeostasis 
which are equivalent to individual and population buffering, 
respectively (Allard and Bradshaw, 1964), as means of attain­
ing stability of performance in organisms. Martinic (1973) 
emphasized that widely adapted, high-yielding cultivars of 
crop plants possess three complex features: (a) variable and 
compensating expression of all important morphological and 
physiological traits which are quite different but never ex­
treme in different cultivars , (b) relationships among traits 
often or regularly characterized by numerous and unknown 
correlated genetic factors, and (c) well-developed compensat­
ing mechanisms which act through the whole life cycle. He 
pointed out that the widely adapted Northern European wheat 
cultivars possess above average yields at the majority of 
sites, about average yields at a few sites, and minimum yield 
at none. 
For wild species, adaptation is a more important trait 
than is high productivity, because the species must survive 
through many changing environments, whereas for cultivated 
species, emphasis is put upon both stable and high yields in 
varying environments (Matsuo, 1975). Plant cultivars that 
produce stable and high yields over many locations possess 
general or wide adaptation, whereas those that produce con­
sistent high yields over seasons at a particular site possess 
local or specific adaptation (Matsuo, 1975), Lewontin (1957) 
10 
contended that the more homeostatic genotypes will have 
higher average fitness over a specified environmental range 
and thus be more stable. Bell (1972) concluded that the im­
proved performance of winter wheat in England has resulted 
from more sophisticated adjustment to specific environments 
than is practicable from wide adaptation. 
Dobzhansky (1955) found that heterozygotes were more 
homeostatic and better buffered against environmental dis­
turbances than homozygotes in Drosophila pseudoobscura. 
Adams and Shank (1959) studied maize (Zea mavs L.) hybrids 
with different levels of heterozygosity and found that 
stability of the hybrids was highly related to expected level 
of heterozygosity of the hybrid groups. They also found that 
hybrids belonging to a group with the same level of heterozy­
gosity differed significantly in buffering capacity, suggest­
ing that heterozygosity per se was not the only factor that 
accounted for stability. Rowe and Andrew (1964) also con­
cluded that stability of production was related to the level 
of heterozygosity in corn. In a comparison between hybrids 
of maize and their inbred parents. Shank and Adams (1960) 
found that hybrids are better buffered than their homozygous 
parents in all traits measured. 
Lewis (1954) found that hybrids of tomato (Lvcopersicon 
esculentvun L.) showed greater phenotypic stability than the 
parents when tested across two temperatures. Jain and Allard 
(1960) showed that the proportion of heterozygotes in a 
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composite-cross bulk of barley did not change at the ex­
pected rate with selfing, and they concluded that the hétéro­
zygote advantage may have important adaptive implications in 
the maintenance of population variability and evolutionary 
potential of self-fertilizing species. According to Griffing 
and Langridge (1963), heterozygotes of Arabidopsis thaliana. 
a self-fertilizing crucifer, exhibited greater mean and 
phenotypic stability over a temperature range than did their 
homozygous parents, and Finlay (1963) came to a similar con­
clusion for barley. However, Smith and Foote (1970) found 
that F^ hybrids between six-rowed (Hordeum vulaare L.) and 
two-rowed barleys (Hordeum distichum L.) did not have greater 
phenotypic stability than their parents for a number of traits. 
The two-rowed barley e:diibited greater phenotypic stability 
than the six-rowed one. 
In a study with lima beans (Phaseolus limensis L.), 
Allard and Bradshaw (1964) found that heterogeneity may re­
sult in stability of cultivar performance. Erskine (1977) 
showed that individual buffering of pure lines was more im­
portant than population buffering for cowpeas (Viana 
unauiculata L. Walp.). Simmonds (1962) remarked that simple 
and complex mixtures should be more stable than cultivars, 
and Frey and Maldonado (1967) demonstrated that the yield 
advantage of heterogeneous oat populations increased as 
environments became more stressed. Reich and Atkins (1970) 
found that sorghum hybrid blends had higher productivity and 
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were more stable than parental lines and hybrids. 
Rasmusson (1968), using cultivars, simple mixtures and 
hybrid bulk populations of barley, found no definite relation­
ships between genetic diversity and stability of production, 
and Clay and Allard (1959) found that mixtures of barley 
cultivars were, on the average, less stable than their most 
stable components. Eberhart and Russell (1969) concluded 
from their study on corn hybrids that it is possible to find 
single and double crosses that have equal stability. These 
studies indicate that increased heterogeneity does not neces­
sarily lead to increased stability. 
Several workers (Finlay, 1963, 1968; Rowe and Andrew, 
1964; Eberhart and Russell, 1966; Matsuo, 1975) have suggested 
that phenotypic stability in crop plants is a genetic property. 
Ichii and Yagamata (1975), through the use of monosomic analy­
sis, demonstrated that genes for phenotypic stability for some 
traits in wheat can be assigned to certain chromosomes. Wu 
(1975) found evidence for genetic control of stability reac­
tions in Arabidopsis thaliana. Finlay (1961) and Breese and 
Hayward (1972), Bucio-Alanis and Hill (1966), and Perkins and 
Jinks (1968) reported that production stability was heritable 
in barley, forage crops, and tobacco, respectively. However, 
Fatunla and Frey (1976) and Eagles and Frey (1977) reported 
low heritability for production response in random oat lines. 
Contradictory results have been reported on the relationship 
between yield and regression response index. Finlay and 
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Wilkinson (1963), Frey (1972), and Langer et al, (1978) found 
no relationship between mean yield and regression response 
index, whereas Fatunla and Frey (1974), Perkins and Jinks 
(1968), Eagles et al. (1977), and Adegoke (1977) found high 
positive relationship between these traits. Adegoke (1977) 
also reported high correlation between regression and stability 
indexes. The importance of the correlation between these 
traits lies in the ease or difficulty of selecting for them 
simultaneously. 
Most researchers agree that testing over wide range of 
environments is essential if widely adapted genotypes are to 
be identified (Finlay and Wilkinson, 1963; Eberhart and 
Russell, 1966). An alternative is to practice disruptive 
selection by growing successive generations in different 
environments (Borlaug, 1965, 1968; Lu et al., 1967). 
Mather (1955) and Alicchio and Palenzona (1974) obtained 
increased phenotypic variability in Drosophila melanoaaster 
by disruptive selection. The wide adaptation of Drosophila 
subjected to disruptive selection was attributed to genetic 
and developmental switch mechanisms (Scharloo, 1970). 
Ram et al. (1969) reported yield improvement and increase in 
phenotypic variability in Brassica campestris via disruptive 
selection. Strains obtained via disruptive selection had 
greater linear response to improving environments and better 
stability of performance than the best available cultivars 
(Murty et al., 1972). Borlaug (1968) reported that high 
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yielding and widely adapted wheat lines were obtained in 
CIMMYT's program by growing consecutive segregating genera­
tions in alternate winter and summer nurseries in two very 
different environments in Mexico. Lu et al. (1967) planted 
hybrid bulk populations from adapted x unadapted soybean 
varieties from Fg to Pg generations in spring and summer crop 
seasons. Selected and Fg lines possessed high mean yield 
and stability of production in both crop seasons, whereas the 
parents were adapted to only one season (Tsai et al., 1967). 
They concluded that natural selection favored genotypes in the 
bulk populations that produced well in both seasons due to 
disruptive selection. 
Many indexes have been proposed as measures for produc­
tion stability. Finlay and Wilkinson (1963) used mean yield 
and regression of genotype yields onto environmental produc­
tivity indexes to measure adaptation and production stability 
for genotypes. These parameters were used to classify barley 
varieties in South Australia into those having specific 
adaptation to either high or low environments and those with 
general or poor adaptation to all environments. They stated 
that varieties with b = 1.0 possessed average stability, 
those with b < 1.0 were highly stable. They concluded that 
the desired genotype was one that produces a high mean yield 
over all environments and has average production stability. 
Eberhart and Russell (1966) proposed regression coeffi­
cients as a measure of genotype response to varying environ­
15 
2 
ments, and deviation from regression mean square (S^) as a 
measure of production stability. A stable genotype was one 
with b = 1.0 and = 0. Bilbro and Ray (1976) suggested the 
2 2 
use of coefficient of determination (r ) instead of as a 
measure of production stability. Langer, Prey,and Bailey 
(1978) used regression index as a measure of response to 
2 
varying environments and r (Pinthus, 1973) as a measure of 
production stability in comparing oat cultivars. The use of 
regression analysis will aid in obtaining better performance 
description of promising new lines at an earlier testing 
stage (Schmidt et al., 1973). 
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MATERIALS AND METHODS 
Development and Selection of Oat Strains 
The materials I used for this study were oat strains 
derived from bulk populations that were propagated under 
different regimes. All bulks originated from a composite of 
F2 seeds obtained by mixing lO-g seed lots from about 75 oat 
(Avena sativa L.) crosses in 1957. This composite was propa­
gated for one generation to increase the seed supply and subse­
quently the Fg seed was divided into four samples. One sample 
was propagated in successive generations only in central Iowa. 
The three remaining samples were sown one each in northern, 
central, and southern Iowa, respectively. In the following 
year the bulk was moved in rotation among the locations 
according to the scheme shown in Table 1. The rotation of 
bulk oat populations constituted the "disruptive environment 
selection" scheme. Hereafter, I shall refer to the popula­
tions derived from these samples as lines of descent. The 
northern, central, and southern propagation sites differed in 
mean seasonal temperature, precipitation, soil type, produc­
tivity, and disease prevalence as described in Table 2. 
Each generation within each line of descent was repre­
sented by approximately 90,000 plants propagated with a stand 
of 300 plants per m drilled in rows 2.5 m long and 30 cm 
apart. The plants in each line of descent were harvested and 
threshed in bulk. To obtain seed to plant a subsequent 
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Table 1. Rotation scheme for the four lines of descent 
Line of 
descent 1st year 
Sequence of rotation 
2nd year 3rd year' 
Rotation 1 
Rotation 2 
Rotation 3 
Stationary 
Central Iowa 
Southern Iowa 
Northern Iowa 
Central Iowa 
Northern Iowa 
Central Iowa 
Southern Iowa 
Central Iowa 
Southern Iowa 
Northern Iowa 
Central Iowa 
Central Iowa 
Seeds from third year were used to start the next cycle 
of the rotation. 
generation, the seeds were divided into six lots of equal 
size samples taken from each lot to make a 3.0-kg composite 
for sowing and 1.0-kg lot for cold storage. Accessions for 
the various generations of the four lines of descent are 
given in Table 3. 
In spring 1977, I space planted 150 random seeds from 
each of the generations F^, Fg, F^, Fg, and F^^ from each 
line of descent. An individual plant was harvested, threshed, 
and the bulked seed from each formed a strain for my field 
experiments in 1978. Thus, I evaluated Fg-, F^-, F^-, Fg-, 
and F^^-derived strains in the F^, Fg, Fg, F^g, and F^g* 
respectively. 
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Table 2. Description of the environments used during bulk 
propagation 
Location Description of the environment 
Central Iowa 
Northern Iowa 
Southern Iowa 
This area is covered by rich glacial till 
soil of the Clarion-Nicollet-Webster soil 
association. It has an average annual pre­
cipitation of 82 cm and moderate tempera­
tures for early spring growth. The average 
temperature for the oat crop season is 
17.50C and mean oat yield for 1964-69 was 
23.5 q ha"^. 
The area is characterized by shallow glacial 
till soil of the Webster silty clay loam 
formed on clay glacial ground morain and 
glacial outwash. It is a black naturally 
poorly drained soil neutral to slightly 
acid in reaction. The average annual pre­
cipitation is 76 cm and it has cool spring 
temperatures. The average oat crop season 
temperature is 17°C and mean oat productivi­
ty for 1965-68 was 25,1 q ha~^. 
This area is characterized by Seymour silt 
loam soils formed from weathered loess with 
clay pan subsoil. They are dark grayish 
brown silt loam with poor internal drainage. 
Average annual precipitation is 82 cm. 
The mean oat crop season temperature is 
18,7°C and mean oat productivity for 1964-
68 was 17,3 q ha -1 
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Table 3. Evolution of the four lines of descent 
Line of descent 
Rotation 
1 
Rotation 
2 
Rotation 
3 Stationary 
Genera­
tion Year 
A544 A546 A543 A545 
^3 1957 
A609 A607 A605 A617 
^5 1959 
B108 B112 BllO B116 
^7 1961 
B333 B330 B327 B337 
^9 1963 
B411 B408 B403 B400 Fll 1965 
Stability Experiment 
I evaluated the oat strains in an experiment that con­
tained 12 environments in 1978 to assess their productivity, 
production response, and stability of several traits. The 
environments used in this experiment are described in Table 4, 
I used 20 random strains from each of 20 populations (i.e., 
Fg, Fg, F^, Fg, and F^^ for each of four lines of descent) 
for the evaluation experiment. The experiment also included 
23 check cultivars, Richland, Cherokee, Tippecanoe, Jaycee, 
Neal, Multiline E74, Garland, Holden, Multiline M73, Otter, 
Portal, Dal, Nodaway 70, O'Brien, Noble, Stout, Grundy, Lang, 
CI9170, CI9172, CI9174, CI9178, and CI9184. 
The experiment was arranged in an augmented block design 
(Federer and Raghavarao, 1975), Each environment contained 
Table 4. Description of the environments in which the stability experiment was sown 
Relative 
productivity® 
Environment 
number Location Planting date Treatment Rotation^ 
Long 
term 1978 
1 Cas tana April 16, 1978 -1 17.9 tons ha manure + 
67.3 kg ha 
1 2.67 1.74 
2 Castana April 16, 1978 Check + 
67.3 kg ha 
1 1.00 1.00 
3 Castana April 16, 1978 17.9 tons ha"^ manure + 
134.5 kg ha" PgO^ 
2 4.67 2.63 
4 Kanawha April 16, 1978 201.8 kg ha"l N 2 5.75 2.03 
5 Kanawha April 16, 1978 0 kg ha ^ N 3 2.83 1.93 
6 Kanawha April 16, 1978 67.3 kg ha'l N 2 5.00 2.34 
7 Sutherland April 13, 1978 89.7 kg ha'l N 4 9.50 2.33 
8 Sutherland April 13, 1978 89.7 kg ha'l N 2 6.83 2.70 
9 Sutherland April 13. 1978 22.4 kg ha'l N 4 8.42 2.46 
10 Ames April 13, 1978 Temperature - 2,94 
11 Ames April 27, 1978 Temperature - 2.86 
12 Ames May 11, 1978 Temperature 2.57 
3 " l 
Ratio expressed in relationship to grain yields of environment number 2 which were 4.8 q ha 
for long term and 8 q ha-1 for 1978. 
^Rotation 1 = corn, oat, corn, oat; 2 = corn, corn, oat, meadow; 3 = corn, corn, corn, oat; 
4 = corn, oat, meadow, meadow. 
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two blocks of 246 plots and each block was divided into two 
subblocks of 123 plots. In each subblock I assigned one 
group of 100 experimental lines (4 lines of descent, 5 
generations per line of descent, and 5 strains from each 
generation) plus 23 check cultivars. The strains and check 
cultivars were randomly assigned to the plots. Each subblock 
contained a different sample of experimental strains but the 
same check cultivars. Thus, experimental oat strains were 
not replicated within an environment whereas the check culti­
vars were replicated four times. 
A plot consisted of a hill sown with 30 seeds, and the 
hills were spaced 30 cm apart in perpendicular directions. 
Each block was bordered by two rows of hills to provide com­
petition for peripheral plots. The experiments were hoed as 
needed to control weeds, and plants were sprayed with a fungi­
cide at weekly intervals from anthesis to maturity to control 
foliar diseases. 
At maturity, each plot was harvested by cutting the 
culms at ground level and the bundle was air dried and weighed 
to obtain the total plant yield. Next, the culms were 
threshed and seeds weighed to obtain grain yield. Straw yield 
was computed by subtracting grain yield from plant yield. 
Also, harvest index was calculated as a ratio of grain yield 
to total plant yield and multiplying by 100. 
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Genetic Experiment 
A second experiment was conducted to assess the evolu­
tion of quantitative traits in the four lines of descent. 
For this experiment, I used 360 random strains (30 strains 
from each of the generation, Fg, F.^, and F^^, in each of four 
lines of descent), plus the same 23 check varieties used in 
the stability experiment. I sowed eight replicates of the 
experiment in a randomized complete block design on April 13, 
1978 at the Agronomy Farm, Ames, Iowa. Plot maintenance was 
the same as in the stability experiment. 
Three replicates were used for measuring the following 
traits: 
(a) Heading date—number of days after May 31 when 50% 
of the panicles in a plot were completely emerged, 
(b) Plant height—centimeters from ground level to the 
top of the panicle at maturity, 
(c) Growth rate—straw weight divided by the number of 
days from sowing to heading, 
(d) Flag leaf length—mean of lengths of five leaf 
blades per plot, 
(e) Number of spikelets per panicle—mean number of 
spikelets on five panicles per plot, 
(f) Seed weight—weight of 100 seeds. 
Total plant, straw, and grain yields and harvest index were 
measured on five replicates according to the procedure 
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described for the stability experiment. 
Statistical Procedure 
The data for each trait from the genetic experiment were 
analyzed according to the following modelt 
Yijk = P + bi + 9ij + r* + «ijK <!' 
where 
Y. .- = yield response of the jth genotype in the ith 1JK 
population of the kth replicate, 
H = overall mean, 
bj^ = effect of the ith population, i = 1,2,...,12, 
g.. = effect of the jth strain (genotype) of the ith 
^ J 
population, j = 1,2,...,20, 
= contribution attributable to kth replicate, 
k = 1,2,3,4, and 
e. = residual effect in kth observation of the jth 
X JK 
strain (genotype) of the ith population. 
The assumptions for this model are (a) the e^j^'s are normally 
and independently distributed with mean zero and variance a , 
(b) the populations have fixed effects, and (c) the oat 
strains are random, normally,and independently distributed 
with mean zero and variance The analysis of variance for 
this model is given in Table 5. 
In the stability experiment, the check cultivars were 
replicated and used to estimate the environmental productivi­
ties (Perkins and Jinks, 1971). The model for the analysis 
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Table 5. Analysis of variance for the statistical model 
used for the genetic experiment 
Source of variation Degrees of freedom 
Replication (r-l) 
Population (p-l) 
Checks vs experimental strains 1 
Lines of descent (LD) (s-l) 
Stationary vs disruptive selection i 
Remainder (s-2) 
Generations (G) (g-l) 
G linear 1 
G quadratic (g-2) 
LD X G (s-l)(g-l) 
Strains/population plj-l) 
Error (r-l)(pj-l) 
of data for each trait is* 
Yijk = P + Ai + Bj + AB.j + D.^ + BD.jk + E.j^ (2) 
where 
^ijk " yiëld of the kth strain within ith population in 
the jth environment, 
H = overall mean, 
= genetic contribution of the ith population. 
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Bj = contribution of the jth environment, 
J — 1,2,•••,12, 
AB^j = interaction of the ith population with jth 
environment, 
= response of kth strain of the ith population, 
i = 1,2,•••,20, 
BD. = interaction of strain k in population i with jth 1JK 
environment, and 
e. = error estimated from the check cultivars• 
^ J-'-
The assumptions for this model are (a) e^j^'s are normally 
and independently distributed with mean zero and variance a , 
(b) the populations have fixed effects, and (c) the strains 
and environments are random• The analysis of variance for 
this model is given in Table 6. 
The mean squares for environment x population and 
environment x strains/population were tested against the error 
mean square from the check cultivars. If significant, they 
were used as error terms to test the populations and strains/ 
population, respectively, otherwise the error term was used 
for these tests. 
The data for the 23 check cultivars were analyzed accord­
ing to the following model: 
Y.ji = * + Vi + Ej + Cji + EV.j 4. (3) 
where 
Y\j2 = response of cultivar i in replicate 1 of test 
environment j. 
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Table 6. Analysis of variance for the data collected from 
the stability experiment 
Source of variation Degrees of freedom 
Environment (B) b-l 
Population (A) (a-1) 
Lines of descent (LD) (4-1) 
Stationary vs disruptive selection 1 
Remainder (4-2) 
Generation (G) (g-l) 
G linear 1 
G quadratic 1 
Lack of fit (g-3) 
LD X G (4-1)(g-l) 
Strains/population a(t-l) 
Environment x population (b-l)(a-l) 
Environment x strains/population (b-l)a(t-l) 
Error^ 
^Estimated from the check cultivars. 
= genotypic effect of check cultivar i, 
C j =  e f f e c t  o f  r e p l i c a t e  1  w i t h  t h e  t e s t  e n v i r o n m e n t  j ,  
and 
e^j^ = experimental error of variety i in replicate 1 
and test environment j. 
The analysis of variance for the model is given in Table 7. 
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Table 7. Analysis of variance for the model used for data 
from check cultivars grown in the stability 
experiment 
Source of variation Degrees of freedom 
Environment e-1 
Replication/environment e(r-l) 
Entries (t-l) 
Environment x entries (e-1)(t-l) 
Error e(r-l)(t-l) 
The genotype-environment interaction was partitioned in 
the stability analysis according to a combination of the 
methodologies of Eberhart and Russell (1966) and Perkins and 
Jinks (1968, 1971). The model for the stability analysis is: 
+ B j + b^Zj + 6 j + e^j2 (4) 
where |i, A^, Bj and e^j^ are defined as in equation 2, 
b. is regression of the ith population or strains, and ô.• is 1 1J 
the deviation from regression, 
H A' = 2 B • = D 6 • • = 2 e' ~ 0 
i ^ j J ij iji 
z. = 
E E X. E E E X. 
i 1 _ i i 1 
J t • t t • r • s 
where 
X^j^ = yield of the ith check variety in the 1th repli­
cation of the jth environment, 
1 = number of check cultivars. 
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r = number of replicates, and 
s = number of environments. 
The stability analysis for each trait was partitioned accord­
ing to Table 8 (Eberhart and Russell, 1956, and Perkins and 
Jinks, 1971). 
The environment linear sum of squares was calculated 
by the formulai 
Env(lin) = è (Z ÏJ Z.)2/Z (5) 
t j J J j J 
The sum of squares attributable to heterogeneity of regression 
is a component of both environmental and line x environment 
sums of squares (Perkins and Jinks, 1971), It was calculated, 
therefore, by the formula derived by Eberhart and Russell 
(1966)I 
Z L (Z Y.< Zj) - (linear)SS (6) 
i j j j ] 
The sum of squares due to heterogeneity of regression 
was partitioned into a component due to concurrence of the 
regression lines at a point with one degree of freedom and a 
second component due to remainder (nonconcurrence) with t-2 
degrees of freedom (Mandel, 1961). The sum of squares for 
concurrence was calculated by the formula* 
S = r^ H 
where S is the sum of squares for concurrence, r is the corre­
lation between regression coefficients and mean yields and H 
is the sum of squares due to heterogeneity of regression. If 
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Table 8. Partitioning of degrees of freedom in the 
stability analysis 
Source of variation 
Environment (E) 
Strains x environment (S x E) 
Environment (1inear) 
Heterogeneity of regression 
Concurrence 
Remainder 
S X E residual 
Error^ 
Degrees of freedom 
S-1 
(t-1)(s-1) 
1 
t-1 
1 
(t-2) 
t(s-2) 
^Estimated from check cultivars. 
the mean square for L x E residual was significant when tested 
against the error, it was used to test the mean square for 
heterogeneity of regression and its components, otherwise 
the error was used. 
I characterized each strain by the use of three 
parameters. They are (a) mean yield, (b) regression index 
(bu) which were regarded as measures of production response, 
and (c) the coefficient of determination (r ) which measures 
the proportions of yield variation due to linear regression 
(Pinthus, 1973) and was taken as a measure of relative production 
stability (Langer et al., 1978), The regression index was 
tested for significance from unity via a t-test at 5% level 
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with S-2 degrees of freedom (Table 8), In order to be of 
commercial worth, a genotype should possess high mean yield, 
average regression response index, and high proportion of the 
yield should be attributable to linear regression. 
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RESULTS 
Evaluation of Means 
Plant, straw, arid grain yield 
The analyses of variance for plant, straw, and grain 
yields are presented in Tables 9 and 10 for the genetic and 
stability experiments, respectively. There was significant 
variation among population means and among strain means within 
populations for plant, straw, and grain yields in the genetic 
experiment. The mean for check cultivars was significantly 
lower than that for experimental strains for all traits in 
the genetic experiment. In the stability experiment, sig­
nificant variation occurred among population means for plant 
and straw yields but not for grain yield, but strains within 
populations had a highly significant mean square for all yield 
traits. 
Population sources of variation in both experiments were 
partitioned into lines of descent, generations, and their 
interaction (Tables 9 and 10). In both, means for lines of 
descent differed significantly for the three yield traits, 
but a significant difference did not exist between the sta­
tionary line of descent and the disruptive ones in either 
experiment. In the genetic experiment, the means for the 
stationary line of descent were slightly lower than the means 
for the disruptive ones for all three yield traits, whereas 
the opposite occurred in the stability experiment (Table 11). 
Table 9. Mean squares from analyses of variance for plant, straw, and grain yields, harvest 
index,and 100-seed weight of oat strains evaluated in the genetic experiment 
Mean squares 
Source of Degrees of Plant^ Straw^ Grain^ Harvest Degrees of 100-seed 
variation freedom yield yield yield index freedom weight 
Replication 4 11.9 10.3 0.9 253.2** 2 6.19** 
Population 12 49.1** 29.5** 3.9* 256.9* 12 0.17 
Checks vs strains 1 253.3** 185.4** 5.3* 1143.6** 1 0.06 
Lines of descent (LD) 3 11.5** 5.8** 1.7** 135.4** 3 0.06 
Stationary vs dis­
ruptive selection 1 14.4 5.7 2.0 85.4 1 0.04 
Remainder 2 10.0 5.8 1.5 160.9* 2 0.14 
Generation (G) 2 87.5** 39.3* 11.5** 409.5 2 0.08 
G linear 1 158.8** 61.1** 22.0** 343.5 1 0.16 
G quadratic 1 16.2 17.5 11.4 475.5 1 0.00 
LD X G 6 21.2** 12.1** 2.3** 119.0* 6 0.27 
Strains/populations 370 11.8** 7.4** 1.8** 119.5** 370 0.25** 
Error 1528 6.7 4.9 0.5 42.1 764 0.11 
^Times 10^. 
*,**Significant at P < 0.05 and P< 0.01, respectively. 
Table 10. Mean squares from analyses of variance for plant, straw and grain 
yields, and harvest index for the 20 populations (5 generations within 
each of the 4 lines of descent in the stability experiment 
Mean squares 
Source of 
variation 
Degrees of 
freedom 
Plant 
yield^ 
Straw 
yield^ 
Grain 
yield^ 
Harvest 
index 
Environment 11 1807.0** 1129.3** 100.3** 10012.5** 
Population (P) 19 17.2** 8.1** 2.5 126.5 
Lines of descent (LD) 3 26.0** 16.1** 2.0** 238.0 
Stationary vs dis­
ruptive selection 1 6.1 0.4 2.3 126.1 
Remainder 2 35.9* 23.9** 1.2 293.9 
Generation (G) 4 37.4* 12.2* 7.8** 13U.1 
G linear 1 35.9 11.6 6.7 76.0 
G quadratic 1 0.1 0.7 0.3 5.3 
Remainder 2 56.7* 18.4** 12.1** 219.5 
LD X G 12 8.3** 4.8** 0.9** 97.6** 
Strains/P 399 8.4** 4.2** 1.3** 101.6** 
Env X P 209 2.2** 1.1** 0.4** 34.3 
Env X strains/P 4400 6.6** 3.9** 0.6** 83.5** 
Error^ 792 1.2 0.6 0.2 35.3 
^Times 10%. 
^Error from checks. 
*,**Significant at P < 0.05 and P < O.Ol, respectively. 
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Table 11. Means for lines of descent averaged over genera­
tions for plant, straw, and grain yields, and 
harvest index evaluated in the genetic and 
stability experiments 
Line of 
descent 
Plant 
yield 
(q/ha) 
Straw 
yield 
(q/ha) 
Grain 
yield 
(q/ha) 
Harvest 
index 
(%) 
Genetic experiment 
Rotation 1 92.7 63.2 29.6 32.4 
Rotation 2 89.8 61.3 28.6 31.7 
Rotation 3 91.8 63.3 28.6 31.2 
(91.5)3 (62.2) (28.9) (31.8) 
Stationary 89.4 61.3 28.1 31.3 
Stability experiment 
Rotation 1 60.9 38.5 22.5 36.9 
Rotation 2 62.3 39.6 22.7 36.2 
Rotation 3 64.4 41.3 23.1 35.9 
(62.5)3 (39.8) (22.8) (36.3) 
Stationary 63.4 40.0 23.4 36.9 
^Number in parentheses is the average for the three 
rotations derived by disruptive selection. 
However, the differences between lines of descent for all 
yield traits were small. There were significant variations 
among generation means for the three traits in both experi­
ments (Tables 9 and 10). Whereas the change over generations 
was primarily linear in the genetic experiment, no linear or 
ir, 
quadratic trend was apparent in the stability one where five 
generations were evaluated. Overall, there were net increases 
in mean plant, straw, and grain yields between and in 
both experiments (Table 12), but the increases were most pro­
nounced in the genetic experiment. Major changes in means 
over generations were affected by natural selection at dif­
ferent stages in the two types of lines of descent. As shown 
in the genetic experiment, there was a constant increase in 
the mean yield for the three yield traits from F g to F^^^ in 
the disruptively selected lines of descent but the means from 
the stationary line of descent increased abruptly between Fg 
and F^, and then declined slightly by F^^g^ (Table 13). In the 
stability experiment, Fg, Fy, and F^^ generations showed 
trends for mean plant, straw, and grain yields in both types 
of lines of descent that were similar to the trends in the 
genetic experiment, but the estimated changes were smaller. 
The major fluctuations in means for the three traits in the 
disruptive lines of descent occurred at Fg and Fg, however. 
There were sharp decreases between Fg and F^ and sharp in­
creases between F^ and Fg. Both types of lines of descent 
showed net increases in all yield traits over time, but the 
percentage increases were somewhat higher in the stationary 
line of descent (1]% each for plant, straw, and grain yields) 
than in the disruptive ones (8, 7, and 10% for plant, straw, 
and grain yields, respectively) as estimated in the genetic 
experiment (Table 13). Similar trends occurred in the 
36 
Table 12, Generation means averaged over lines of descent 
for plant, straw, and grain yields, and harvest 
index evaluated in the genetic and stability 
experiments 
Generation 
Plant 
yield 
(q/ha) 
Straw 
yield 
(q/ha) 
Grain 
yield 
(q/ha) 
Harvest 
index 
(%) 
Genetic experiment 
^3 86.6 59.3 27.4 31.5 
^7 92.3 63.6 28.7 30.9 
^11 93.9 63.8 30.1 32.5 
Stability experiment 
^3 61.3 39.1 22.2 36.3 
^5 60.4 39.2 22.1 36.6 
^7 62.8 40.2 22.6 36.0 
Fg 65.2 41.0 24.3 36.9 
Fll 64.0 40.6 23.4 36.6 
stability experiment. So, in both experiments there were 
net increases in mean plant, straw, and grain yields over 
generations in all lines of descent (Table 13). 
Because the mean squares for the interaction between 
lines of descent and generations were significant in both 
experiments, I analyzed each line of descent and each gen­
eration separately to get a better understanding of changes 
that had occurred in yield means. 
Table 13. Generation means within stationary and disruptive lines of descent for 
plant, straw, and grain yields, and harvest index evaluated in the 
genetic and stability experiments 
Genera­
tion 
Plant yield 
(g/ha) 
Straw yield 
(q/ha) 
Grain yield 
(q/ha) 
Harvest index 
Stationary DS Stationary DS Stationary DS Stationary DS 
F 
% 
11 
b 
Genetic experiment 
82.2 88.1 56.4 60.2 25.8 27.9 30.9 31.7 
94.7 91.5 64.8 63.3 29.9 28.2 31.4 30.7 
91.2 94.8 62.6 64.2 28.6 30.6 31.5 32.9 
10.9 7.6 11.0 6.6 10.8 9.9 0.6 1.2 
Stability experiment 
^3 60.1 61.7 38.1 39.4 22.0 22.3 36.7 36.1 
Fg 62.0 59.8 39.5 37.8 22.4 22.0 36.2 36.8 
F? 65.6 61.9 41.8 39.7 23.8 22.2 36.3 35.9 
Fg 65.8 65.1 40.5 41.1 25.3 23.9 38.4 36.5 
Fll 63.4 64.3 40.0 40.8 23.3 23.4 36.8 36.5 
% 5.4 4.1 5.2 3.6 5.9 5.2 0.2 0.4 
^D S j  average for the three lines of descent derived by disruptive selection. 
^Percentage increase between Fg and F^^. 
Table 14. Mean squares from analyses of variance for plant, straw, and grain yields, harvest 
index, and 100-seed weight, by line of descent, for oat strains evaluated in the 
genetic experiment 
Mean squares 
Source of Degrees of Plant Straw Grain Harvest Degrees of 100-seed 
variation freedom yield yield yield index freedom weight 
Rotation 1 
Replication 4 
Generations (G) 2 
G linear 
G quadratic 
Strains/G 87 
Error 356 
1 
1 
1320.2 
6602.2** 
11197.7** 
2001.0 
1783.2** 
1643.3 
1208.6 
3015.2** 
102.9 
2912.3** 
1504.9 
1362.0 
111.8** 
718.2** 
1349.1** 
87.3 
135.4** 
48.9 
72.4* 
148.3** 
297.0** 
0.4 
98.9** 
27.9 
2 
2 
87 
178 
2.14** 
0.25 
0.07 
0.43 
0.27*^ 
0.12 
Replication 4 
Generations (G) 2 
G linear 
G quadratic 
Strains/G 87 
Error 356 
1 
1 
959.2* 
985.1 
309.3 
1661.4* 
1055.9** 
382.0 
Rotation 2 
517.7* 
1217.4* 
63.5 
2371.4* 
510.1** 
191.9 
86.6 
81.6 
99.8 
63.5 
190.5** 
59.7 
50.7 
279.0** 
0.0 
557.9** 
100.1** 
47.1 
2 
2 
1 
1 
87 
178 
2.75*^ 
0.25 
0.02 
0.48 
0.23*^ 
0.12 
*,**Significant at P < 0.05 and P < 0.01, respectively. 
Table 14. (Continued) 
Mean squares 
Source of Degrees of Plant Straw Grain Harvest Degrees of 100-seed 
variation freedom yield yield yield index freedom weight 
Rotation 3 
Replication 4 
Generations (G) 2 
G linear 
G quadratic 
Strains/G 87 
Error 356 
465.1 
1296.9* 
2570.2** 
23.6 
792.4** 
355.1 
479.9* 
493.5** 
673.0* 
313.9 
506.7** 
187.7 
28.6 
390.1** 
612.6** 
167.5 
157.7* 
55.5 
161.0* 
321.9** 
211.7 
432.0** 
151.5** 
62.8  
2 
2 
1 
1 
87 
178 
0.67** 
0.15 
0.04 
0.26 
0.24** 
0.09 
Replication 4 
Generations (G) 2 
G linear 
G quadratic 
Strains/G 87 
Error 356 
1 
1 
91.2 
6204.9** 
6076.4* 
6333.5* 
1164.3** 
425.8 
Stationary 
169.4 
2821.7** 
2882.5** 
2750.8* 
528.5** 
222.9 
35.5 
659.9** 
588.4** 
731.4** 
241.4** 
57.5 
57.7 
17.4 
29.8 
5.1 
149.7** 
37.1 
2 
2 
1 
1 
87 
178 
1.19** 
0.23 
0.02 
0.44 
0.27** 
0.12 
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In the genetic experiment, the mean squares for genera­
tions were significant for plant, straw, and grain yields in 
the lines of descent from stationary and rotations 1 and 3 and 
for straw yield in rotation 2 (Table 14). The changes in 
generation means were primarily linear in rotations 1 and 3, 
in rotation 2 they were primarily quadratic, and in the 
stationary line of descent, both linear and quadratic effects 
were significant. In the stability experiment, there were 
significant variations among generation means for all three 
yield traits in all lines of descent (Table 15). Here also 
there were significant linear components for traits except 
in rotation 2 which showed no trend for plant and straw 
yields. However, the quadratic component was significant in 
many instances and nearly every mean square for remainder 
was significant also, indicating many changes in the genera­
tion means did not fit the linear plus quadratic model. 
Generation means for plant, straw, and grain yields within 
lines of descent for both experiments are given in Table 16. 
Next I analyzed the data for each generation in each experi­
ment. Means for lines of descent were significantly different 
for all three yield traits in F g and for grain yield in 
in the genetic experiment (Table 17), whereas they varied 
significantly in all generations in the stability experiment 
except for grain yield in F g and F^^^ (Table 18). Means for 
the stationary line of descent were significantly different 
from those for the rotational ones in the Fg for the genetic 
Table 15, Mean squares from analyses of variance of plant, straw, and grain 
yields, and harvest index, by line of descent, for oat strains evaluated 
in the stability experiment 
Mean squares 
Source of 
variation 
Degrees of 
freedom 
Plant, 
yield' 
Straw, 
yield' 
Grain, 
yield' 
Harvest 
index 
Rotation 1 
Environment 
Generation (G) 
G linear 
G quadratic 
Remainder 
Env X G 
Strains/G 
Env X strains/G 
Errorb 
Environment 
Generation (G) 
G linear 
G quadratic 
Remainder 
Env X G 
Strains/G 
Env X strains/G 
Error 
11 
4 
44 
95 
1045 
792 
11 
4 
44 
95 
1045 
792 
1 
1 
2 
1 
1 
2 
453.3** 
23.3** 
31.2** 
7.0 
30.9** 
2.1 
10.0** 
2.0** 
1.2 
272.5** 
10.5** 
13.6** 
0.5 
13.9 
0.8 
4.8** 
1.0** 
0.6 
Rotation 2 
463.0** 
10.5** 
2.1 
1.6 
20,2** 
2,1** 
8.0** 
1.0** 
1,2 
286.5** 
3.8** 
0 . 6  
1.9 
6.3** 
1.0 
4.1** 
1.0** 
0.6 
^imes 10^. 
^rror estimated from checks. 
28.3** 
3.0** 
3.5** 
0.9* 
3.8** 
0.5 
1.4** 
0.4** 
0.2 
26.9** 
2 .8**  
3.7** 
0.1 
4.0* 
0.4 
1.2** 
0.4** 
0 . 2  
4754.5** 
79.0** 
1.5 
84.1** 
115.3 
23.6 
89.0** 
36.3 
35.3 
5176.0** 
36.6 
58.8 
10.8 
38.4 
32.0 
108.3** 
32.4 
35,3 
*,**Significant at P < O.Ol and P < 0,05, respectively. 
Table 15, (Continued) 
Mean sauares 
Source of Degrees of Plant Straw Grain Harvest 
variation freedom yield yield yield index 
Rotation 3 
Environment 11 474.6** 302.0** 26.1** 5235.2** 
Generation (G) 4 14.6** 7.8** 1.7** 121.1** 
G linear 1 7.0* 2.9* 1.5** 36.3 
G quadratic 1 28.6** . 14.9* 2.2** 168.1* 
Remainder 2 10.4** 6.8** 1.4** 141.4* 
Env X G 44 1.7 1.1** 0.4 50.2* 
Strains/G 95 6.8** 3.6** 1.0** 88.4** 
Env X strains/G 1045 2.1** 1.1** 0.4** 29.1 
Error 792 1.2 0.6 0.2 35.3 
Stationary 
Environment 11 431.5** 268.1** 26.2** 4927.4** 
Generation (G) 4 14.1** 4.5** 3.9** 185.4** 
G linear 1 12.8** 4.6** 2.0* 2.3 
G quadratic 1 24.5** 12.1** 2.2** 24.3 
Remainder 2 9.6** 0.5 5.6** 357.4** 
Env X G 44 2.2** 1.0** 0.4** 28.9 
Strains/G 95 7.0** 3.5** 1.3** 115.5** 
Env X strains/G 1045 2.2** 1.1** 0.4** 36.6 
Error 792 1.2 0.6 0.2 35.3 
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Table 16, Means for plant, straw, and grain yields, and 
harvest index in generations within lines of 
descent evaluated in the genetic and stability 
experiments 
Generation 
Plant 
yield 
(q/ha) 
Straw 
yield 
(q/ha) 
Grain 
yield 
(q/ha) 
Harvest 
index 
(q/ha) 
Genetic experiment 
F 11 
11 
F 
F-
11 
11 
11 
Rotation 1 
88.1 60.4 27.8 31.4 
89.7 60.8 28.9 32.3 
100.3 68.3 32.0 33.4 
Rotation 2 
87.4 59.2 28.3 32.5 
92.5 64.5 28.0 30.1 
89.5 60.1 29.4 32.5 
Rotation 3 
88.7 61.2 27.6 31.0 
92.1 64.4 27,7 29.8 
94.6 64.2 30.4 32.7 
Stationary 
82.2 56.4 25.8 30.9 
94.7 64.8 29.9 31.4 
91.2 62.6 28.6 31.5 
Stability experiment 
Rotation 1 
59.4 37.4 22.0 37.0 
56.5 35.4 21.0 37.3 
61.7 39.6 22.1 35.9 
62.6 39.1 23.5 37.5 
64.6 30.9 23.7 36.8 
44 
Table 16, (Continued) 
Plant Straw Grain Harvest 
yield yield yield index 
Generation (q/ha) (q/ha) (q/ha) (%) 
Rotation 2 
^3 61,5 39.2 22.3 36.2 
^5 60.5 38.8 21.8 35.0 
F? 62.4 40.0 22.5 36.0 
Fg 65,8 41.6 24.2 35.8 
Fll 61.6 38.7 22.9 37.2 
Rotation 3 
F3 64.3 41.7 22.6 35.1 
F5 62,6 39.4 23.2 37.1 
F? 61,4 39.4 22.0 35.8 
Fg 66,7 42.7 24.0 36,0 
Fll 67,0 43.2 23.8 35,5 
Stationary 
F3 60.3 38.1 22.0 36.7 
F5 62.0 39.5 22.4 36.2 
F? 65.6 41.8 23.8 36.3 
Fg 65.8 40.5 25,3 38.4 
Fll 63.6 40.0 23,3 36.8 
experiment and in the Pg, Fg, and F^ for the stability ex­
periment, In the stability experiment, there was significant 
variation among the means of the lines of descent derived by 
the various disruptive rotations in each generation (Table 18), 
Changes in generation means within each line of descent 
were also accompanied by changes in the frequency distribu-
Table 17. Mean squares from analyses of variance for plant, straw, and grain yields, harvest index, 
and 100-seed weight, by generation, for oat strains evaluated in the genetic experiment 
Mean squares 
Source of Degrees of Plant^ Straw^ Grain^ Harvest Degrees of 100-seed 
variation freedom yield yield yield index freedom weight 
Replications 4 
Lines of descent (LD) 3 
Stationary vs DS^ 1 
Remainder 2 
Strains/LD 116 
Error 476 
Replications 4 
Lines of descent (LD) 3 
Stationary vs DS 1 
Remainder 2 
Strains/LD 116 
Error 476 
Replications 4 
Lines of descent (LD) 3 
Stationary vs DS 1 
Remainder 2 
Strains/LD 116 
Error 476 
2.0 1.3 0.6 
13.2** 6.4* 1.7* 
38.2** 16.2** 4.6** 
0.6 1.5 0.2 
10.8** 5.5** 2.1** 
3.2 1.7 0.5 
F7 
7.8 5.7* 0.8 
6.1 5.3 1.5 
11.6 2.6 3.2* 
3.3 6.6 0.6 
7.7** 4.3** 1.8** 
4.1 2.1 0.6 
^11 
17.8 13.7 0.4 
34.1 18.0 3.1** 
14.2 2.8 7.5** 
44.0* 25.5 1.0 
17.2 12.6 1.5** 
13.5 11.6 0.6 
83.4 2 1.86** 
81.0 3 0.18 
69.6 1 0.08 
86.7 2 0.23 
134.8** 116 0.22** 
40.3 238 0.11 
68.9* 2 2.63** 
198.0** 3 0.20 
48.5 1 0.36 
272.6** 2 0.27 
130.1** 116 0.29** 
28.8 238 0.11 
106.4 2 1.78* 
94.5 3 0.12 
214.3 1 0.06 
34.6 2 0.15 
110.3** 116 0.25** 
61.7 238 0.12 
^Times 10^. 
^DS = disruptive selection. 
*,**Significant at P < 0.05 and P < 0.01, respectively. 
Table 18, Mean squares from analyses of variance for plant, straw, and grain 
yields, and harvest index, by generation, for oat strains evaluated 
in the stability experiment 
Mean squares 
Source of Degrees of Plant Straw Grain Harvest 
variation freedom yield yield yièld® index 
Environment 11 
^3 
335.2** 214.5** 18.7** 4116.8** 
Lines of descent (ID) 3 11.1** 8.5** 0.2 115.9* 
Stationary vs dis­
71.8 ruptive selection 1 4.7 3.3* 0.1 
Remainder 2 14.3* 11.1** 0.2 197.9** 
Env X ID 33 2.2 1.8** 0.4 25.6 
S trains/ID 76 8.5** 4.1** 1.3** 96.4** 
Env X strains/ID 836 1.8** 1.0** 0.4* 34.6 
Errorb 792 1.2 0.6 0.2 35.3 
Environment 11 
^5 
324.0** 19.7** 20.0** 3840.8** 
Lines of descent (ID) 3 18.2** 8.9** 2.1** 87.3 
Stationary vs dis­
ruptive selection 1 8.2** 5.2** 0.3* 106.0 
Remainder 2 23.2** 10.8** 2.9** 77.9 
Env X ID 33 2.0** 1.0* 0.3 19.2 
Strains/ID 76 8.1** 3.8** 1.4** 88.7** 
Env X strains/ID 836 1.8** 0.9** 0.3** 31.7 
Error 792 1.2 0.6 0.2 35.3 
^imes 10%. 
Estimated from checks. 
*,**Significant at P < 0.05 and P < 0.01, respectively. 
Table 18. (Continued) 
Mean squares 
Source of Degrees of Plant Straw Grain Harvest 
variation freedom yield yield yield index 
Environment 11 
2-7 
376.1** 238.3** 20.0** 4276.6** 
Lines of descent (LD) 3 9.1** 2.9** 1.7** 3.5 
Stationary vs dis­
ruptive selection 1 26.0** 8.3** 4.9** 2.6 
Remainder 2 0.6 0.2 0.1 4.0 
Env X LD 33 1.7 1.1** 0.2 29.6 
Strains/LD 76 8.8** 5.1** 1.0** 101.3** 
Env X strains/LD 836 2.4** 1.3** 0.4** 31.7 
Error 792 1.2 0.6 0.2 35.3 
Environment 11 
^9 
408.2** 244.8** 27.5** 3585.9** 
Lines of descent (LD) 3 7.6** 5.5** 1.3** 272.3** 
Stationary vs dis­
ruptive selection 1 0.9 0.7 3.2** 384.6** 
Remainder 2 10.9** 7.8** 0.3 216.2** 
Env X LD 33 2.9** 1.7 0.4** 43.6 
Strains/LD 76 7.7** 3.6** 1.6** 128.6** 
Env X strains/LD 836 2.4** 1.2** 0.5** 39.8 
Error 792 1.2 0.6 0.2 35.3 
Table 18, (Continued) 
Mean squares 
Source of Degrees of Plant Straw Grain Harvest 
variation freedom yield yield yield index 
Environment 11 
Fll 
379.0** 233.4 22.3** 4371.0** 
Lines of descent (ID) 3 13.3** 9.3** 0.5 109.3* 
Stationary vs dis­
ruptive selection 1 1.5 1.2 0.0 32.3 
Remainder 2 19.2** 13.4** 0.7 147. 9* 
Env X ID 33 2.3** 0.9* 0.5** 30.3 
Strains/ID 76 6.5** 3.3** 1.0** 81.5** 
Env X strains/ID 836 2.0** 1.1** 0.4** 30.3 
Error 792 1.2 0.6 0.2 35.3 
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tions of the genotypes for each yield trait (Tables 19 to 24). 
There was a reduction in the number of strains in the lower 
classes for all three yield traits. Natural selection was 
somewhat more effective in increasing the number of strains 
in the higher classes in the stationary line of descent than 
in the rotational ones. Except for a few outliers in the 
higher classes, the straw yields of genotypes tend to cluster 
in the middle classes in the lines of descent derived by 
disruptive selection. 
The means for plant, straw, and grain yields of the check 
cultivars were lower than those for any generation in the ex­
perimental populations. Thus, the experimental populations 
seem to be generally superior to the checks even at Fg genera­
tion which had the lowest yield in every line of descent. The 
experimental populations were more superior to the checks for 
plant and straw yields than for grain yield. 
Harvest index 
For harvest index, mean squares for populations and among 
strains within populations were significant in both the genetic 
and stability experiments (Tables 9 and 10). In the genetic 
experiment, the check cultivars were significantly superior to 
the experimental strains for this trait by about 3.0%. Mean 
harvest indexes for lines of descent differed significantly 
in the stability but not in the genetic experiment and this 
significant variation occurred among lines of descent from the 
Table 19. Frequency distribution and means for plant yields of oat strains in 
several generations in four lines of descent as evaluated in the 
genetic experiment 
Class midpoints (g/ha) 
Generation 55 65 75 85 95 105 115 125 135 Mean 
Rotation 1 
F3 - 1 5 9 7 6 2 - - 88.1 
- - 4 9 9 7 1 - - 89.8 
Fll - - 2 6 10 4 6 1 1 100.3 
Rotation 2 
F3 2 1 4 6 10 4 2 1 - 87.4 
- - 3 8 10 4 4 1 - 92.5 
-11 - 3 3 6 7 10 1 - - 89.5 
Rotation 3 
-3 - 1 5 7 9 6 2 - - 88.7 
-7 
- 1 5 5 7 8 4 - - 92.1 
H
 
H
 
- - 2 5 12 7 4 - - 94.6 
Stationary 
F3 3 2 6 8 6 3 1 1 - 82.2 
F7 - 1 1 6 11 9 1 - 1 94.7 
Fll - 1 3 11 5 7 1 1 1 91.2 
Checks 2 4 8 4 4 1 — — — 75.6 
Table 20, Frequency distributions and means for straw yields of oat strains evalu­
ated in the genetic experiment 
Genera-— 
tion 35 40 45 
Class midpoints (g/ha) 
50 55 60 55 70 75 80 85 90 Mean 
11 
11 
11 
""ll 
Checks 
2 
1 
3 
1 
2 
3 
2 
1 
5 
4 
4 
4 
3 
2 
5 
6 
1 
5 
3 
Rotation 1 
7 4 6 5 2 -
7 5 4 6 3 -
5 6 4 4 3 2 
Rotation 2 
7 5 3 4 -2 
4 7 6 4 2 3 
3 5 7 5 2 -
Rotation 3 
3 5 5 3 2 3 
7 3 7 2 3 4 
7 6 6 4 5 -
Stationary 
4 6 6 2 - — 
9 6 2 9 2 1 
6 5 4 3 4 1 
1 
1 
1 
1 
1 
1 
60.4 
60.8 
68.3 
59.2 
64.5 
60.1 
61.2 
64.4 
64.2 
56.4 
64.8 
62 .6  
49.1 
Table 21. Frequency distribution and means for grain yields of oat strains evalu­
ated in the genetic experiment 
Class midpoints (g/ha) 
Generation 10 15 20 25 30 35 40 45 Mean 
Rotation 1 
F3 - 2 1 8 14 5 - - 27.8 
F ^  -  - 3 9 9 8 1 -  2 8 . 9  
F^i - 1 - 4 12 10 3 32.0 
Rotation 2 
F 3  1 - 4 9 7 8 1 -  2 8 . 3  
F^ — — 6 10 5 9 — — 28.0 
- 1 3 7  1 0  7 1 -  2 9 . 4  
Rotation 3 
F  g —  2 6 6 8 8  —  —  2 7 . 6  
F^ - 1 8 6 8 5 2 - 27.7 
F^^ - -16 13 881 30.4 
Stationary 
F3 2 2 4 8 9 3 2 - 25.8 
F ^  1 - 2 8 8 7 4  -  2 9 . 9  
F^^ -164 12 52 - 28.6 
Checks - 1 4 10 5 2 1 - 26.5 
Table 22. Frequency distributions and means for plant yields of oat strains evalu­
ated in the stability experiment 
Class midpoints (g/ha) Genera­
tion 40 45 50 55 60 65 70 75 80 85 Mean 
Rotation 1 
F3 1 2 3 2 3 5 3 1 - - 59.4 
F5 1 2 5 - 5 7 - - - - 56.5 
F? - - 4 4 3 4 2 1 2 - 61.7 
Fg - - 3 3 5 3 3 2 1 - 62.6 
-11 
- 2 — 2 2 5 6 2 1 — 64.5 
Rotation 2 
-3 - - 2 3 8 2 3 1 1 - 61.5 
-5 1 1 1 6 2 4 3 1 1 - 60.5 
-7 - 1 4 1 1 8 2 1 1 - 65.4 
Fg - - - 3 3 8 4 1 - 1 65.8 
-
-
- 3 11 4 2 - - - 61.3 
Table 22, (Continued) 
Class midpoints (g/ha) Genera-
tion 40 45 50 55 60 65 70 75 80 85 Mean 
Rotation 3 
1 
2 
3 
1 
11 
3 
5 
3 
1 
1 
3 
4 
5 
4 
4 
9 
5 
4 
3 
5 
1 
1 
4 
7 
7 
2 
3 
1 
3 
2 
64.3 
62.6  
61.4 
66.7 
67.0 
'11 
Checks 
1 
1 
1 
1 
2 
4 
5 
5 
1 
3 
Stationary 
5 5 
5 
3 
6 
4 
4 
1 
5 
6 
5 
5 
6 
1 
2 
3 
5 
2 
1 
3 
1 
8 
60.1 
62.0 
65.6 
65.8 
63.4 
47.8 
Table 23. Frequency distributions and means for straw yields of oat strains evalu­
ated in the stability experiment 
Genera- Class midpoints (g/ha) 
tion 20.0 23.5 27.0 30.5 34.0 37.5 41.0 44.5 48.0 51.5 55.0 Mean 
Rotation 1 
F  g —  —  2 4  —  6 4 4  —  —  —  3 7 . 4  
F  g — 1  —  4 3 6 5  —  —  —  —  3 5 . 4  
F ^  -  - -  3 4 3 6 1 - 2 1  3 9 . 6  
F  g  -  - 1 1 5 4 4 2 - 3  -  3 9 . 1  
- - 2- 3 2 3 63 1- 40.8 
Rotation 2 
F  g -  - -  2 5 5 3 2 2 -  -  3 9 . 2  
F g  -  - 2 2 5 2 3 5 - - 1  3 8 . 8  
F ^  -  - 1 4 1 2 3 4 5 -  -  4 0 . 0  
F g  -  - -  - 2 4 8 2 2 1 1  4 1 . 6  
ui 
U1 
F^^ - -- -4853-- - 3 8. 
Table 23, (Continued) 
Genera­
tion 
Class midpoints (g/ha) 
20.0 23.5 27.0 30.5 34.0 37.5 41.0 44.5 48.0 51.5 55.0 Mean 
11 
''11 
Checks 
2 
1 
Rotation 3 
- 4 2 7 2 3 
1 4 3 8 3 -
2 2 3 5 5 2 
1 1 3 6 5 2 
- 2 3 5 4 4 
Stationary 
- 4 6 3 3 2 
1 3 3 6 5 1 
1 3 3 3 5 2 
- 3 2 7 4 3 
1 4 3 7 3 2 
2 
1 
2 
1 
41.7 
39.4 
39.4 
42.7 
43.2 
8 
38.1 
39.5 
41.8 
40.5 
40.0 
29.5 
Table 24. Frequency distributions and means for grain yields of oat strains evalu­
ated in the stability experiment 
Genera­
tion 13.0 15 .5 18.0 20.5 
3 
23.0 
LllL-O tW/ 
25.5 
I I C L  J  
28.0 30.5 33.0 35.5 
Rotation 1 
^3 1 - 4 4 5 4 2 - - -
^5 1 1 3 6 7 2 - - - -
^7 -
- 5 4 6 3 2 - - -
^9 
- - 4 2 4 6 4 - - -
^11 -
- 3 1 8 4 3 1 - -
Rotation 2 
^3 1 - 1 4 11 1 2 
-
- -
^5 1 - 2 7 8 - 1 1 - -
^7 
- - 1 7 7 4 1 - - -
Fg - - 1 2 8 5 2 1 - 1 
Fll - - 2 3 11 3 1 - - -
Mean 
22.0 
21.0 
22.1 
23.5 
23.7 
22.3 
21.8 
22.5 
24.2 
22.8 
Table 24. (Continued) 
Genera Class midpoints (q/ha) 
tion 13.0 15.5 18.0 20.5 23.0 25.5 28.0 30.5 33.0 35.5 Mean 
Rotation 3 
F  2  —  - 3 5 6 5 1 - -  -  2 2 . 6  
Fg - - 2 5 7 3 1 2 - 23.2 
F y  -  - 2 7 6 5 - - -  -  2 2 . 0  
F g  -  - 3 2 4 9 1 1 -  -  2 4 . 0  
F^^ ~ - - 4 9 4 2 1 - - 23.8 
Stationary 
F g  1 - 1 4  1 0  3 1 - -  -  2 2 . 0  
F g  - 1 2 5 7 2 3 - -  -  2 2 . 4  
F y — — 1 5 6 4 3 1 - — 23.8 
F g  -  - 1 3 5 4 4 2 1 -  2 5 . 3  
-  -  1  6  7  2  3  1 - -  2 3 . 3  
Checks 187331--- - 18.3 
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rotational programs. Generation mean squares were not sig­
nificant in either experiment. Lines of descent and genera­
tions interacted significantly, indicating that there was no 
consistent pattern of change in the various lines of descent 
(Table 12). In the stability experiment, there were few 
significant sources of variation for harvest index. The in­
creases in mean harvest index from F g to averaged over 
both experiments was only 0.7% (Table 13), 
When the various lines of descent were analyzed separate­
ly, there was significant variation for mean harvest index 
among generations in all instances in both experiments ex­
cept the stationary one in the genetic experiment (Tables 14 
and 15). The changes over generations in the various lines 
of descent did show some significance for linear, quadratic, 
and residual, but the changes that occurred for this trait 
were without consistent pattern (Tables 25 and 26). The most 
consistent source of significant variation for harvest index 
was among strains within generations. 
Seed weight and number of spikelets per panicle 
100-seed weight and number of spikelets per panicle were 
assayed in the genetic experiment only (Tables 9 and 27). 
The only significant source of variation for 100-seed weight 
was for strains within populations, so natural selection had 
no effect on changing this trait over generations. There 
was significant variation among populations and strains within 
Table 25. Frequency distributions and means for harvest index of oat strains 
evaluated in the genetic experiment 
Class midpoints (g/ha) 
Generation 15 20 25 30 35 40 45 50 Mean 
Rotation 1 
F3 - 2 3 10 13 2 - - 31.4 
F7 - - 5 10 13 1 1 - 32.3 
Fll - - 1 10 17 2 - - 33.4 
Rotation 2 
F3 - 1 4 9 12 3 1 - 32.5 
F? - 1 8 13 7 1 - - 30.1 
Fll - - 3 10 16 1 - - 32.5 
Rotation 3 
F3 - 3 4 8 11 4 - - 31.0 
F? - 1 11 9 8 1 - - 29.8 
Fll - - 4 12 11 2 - - 32.7 
Stationary 
F3 1 1 4 11 11 2 - - 30.9 
F? 1 1 5 10 6 7 - - 31.4 
Fll - - 5 10 14 - - 1 31.5 
Checks — — — 4 14 5 — — 34.9 
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Table 26. Frequency distributions and means for harvest 
index of oat strains evaluated in the stability 
experiment 
Class midpoints (%) 
Generation 31.0 34,0 37.0 40,0 43.0 46.0 Mean 
Rotation 1 
Fg - 1 7 8 4 - 39.0 
Fg - 1 7 8 4 3 39.2 
F^ - 5 5 6 4 - 38.3 
Fg - 1 6 8 3 2 39.9 
F^^ - 2 7 6 5 - 39.1 
Rotation 2 
Fg 1 2 5 10 2 - 38.5 
Fg - 3 7 9 1 - 38.2 
F^ - 3 7 6 4 - 38.5 
Fg 1 3 3 9 2 2 38.9 
Fj^^ - 1 5 9 4 1 39.2 
Rotation 3 
Fg 2 4 7 7 - 37.2 
Fg - 2 5 11 2 - 39.1 
F^ - 2 11 5 1 1 38.5 
Fg 2 2 3 13 - - 38.0 
F^^ - 5 7 5 3 - 37.8 
Stationary 
Fg - 3 5 9 3 - 38.8 
Fg 1 4 4 10 1 - 38.1 
F^ 1 2 5 9 2 1 38.6 
Fg 1 - 4 6 9 - 40.4 
F]^^ - 2 5 10 3 - 39.1 
Checks 1 3 12 7 - - 40.3 
Table 27. Mean squares from analyses of variance for heading date, plant height, 
flag leaf length, growth rate, and spikelets per panicle for oat strains 
evaluated in the genetic experiment 
Mean squares 
Source of Degrees of Heading Plant Flag leaf Growth Spikelets/ 
variation freedom date height length rate panicle 
Replication 
Population (P) 
2 107.2** 427.1** 76.5** 0.03 759.1** 
12 145.9** 1024.4** 12.4 0.24* 207.4** 
Checks vs strains 1 542.2** 7203.1** 1.0 1.08* 606.9** 
Lines of descent (ID) 3 108.0* 271.4 4.9 0.11 282.8* 
Stationary vs DS^ 1 0.3 449.6 6.6 0.06 41.0 
Remainder 2 161.8 182.4 3.9 0,14 403.7** 
Generation (G) 2 180.2 1749.2** 38.2 0.40* 309.9* 
G linear 1 121.0 3115.0** 1.8 0.02 520.2** 
G quadratic 1 239.5 383.4 74.6 0.78* 99.7 
ID X G 6 87.4** 129.5** 9.6* 0.11 68.9* 
Strains/P 370 41.1** 177.9** 15.0** 0.11 77.3** 
Error 764 1.5 15.9 4.2 0.11 25.3 
^DS = disruptive selection. 
*,**Significant at P < 0.05 and P < 0,01, respectively. 
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populations for number of spikelets per panicle, and among 
lines of descent, generations, and the interactions of these 
two factors. However, there was no significant difference 
between the two types, i.e., stationary and rotational lines 
of descent (Table 28), but there was significant variation 
among the rotational means. The change in generation means 
across lines of descent was essentially linear. Natural 
selection did increase mean number of spikelets per panicle. 
Natural selection caused no significant change over gen­
erations in mean number of spikelets per panicle in rotations 
1 and 3, but it did cause significant and primarily linear 
changes in the stationary and rotation 2 lines of descent 
(Tables 29 and 32). There was an average increase of 5% in 
spikelet number between F g and but change occurred pri­
marily in just the two lines of descent. The stationary line 
of descent increased 12%, but the increases in those from 
rotations 1 and 3 were less than 2%. Mean squares for strains 
within generations were significant for each line of descent. 
Significant variation occurred among lines of descent in Fg 
and Fj^^ for spikelet numbers (Table 30). Mean squares for 
strains within lines of descent were significant in all gen­
erations. The patterns of change in the frequency distribu­
tions over generations in each line of descent was consistent 
with changes in means for the two traits (Tables 31 and 32). 
64 
Table 28. Means for line of descent averaged over genera­
tions and generation means averaged over lines of 
descent for heading date, plant height# flag leaf 
length, growth rate, and spikelets per panicle 
evaluated in the genetic experiment 
Heading 
date Plant Flag leaf Growth 
(days after height length rate Spikelets/ 
May 31) (cm) (cm) (g/day) panicle 
Line of descent 
Rotation 1 20.8 106.0 16.5 0.76 33.2 
Rotation 2 22.3 107.6 16.6 0.72 35.6 
Rotation 3 22.0 107.2 16.7 0.73 34.1 
(21.7)* (106.9) (16.6) (0.74) (34.3) 
Stationary 21.7 105.5 16.8 0.72 33.9 
Generation 
^3 21.0 104.1 16.8 0.70 33.6 
22.4 107.4 16.3 0.74 33.8 
Fll 21.8 108.2 16.9 0.76 35.3 
^Number in parentheses is the average for the three 
rotations derived by disruptive selection. 
Heading date, plant height. flag leaf length. and growth rate 
Heading date, plant height, flag leaf length, and growth 
rate were evaluated in the genetic experiment only and analy­
ses of variance for them are given in Table 27. There were 
significant mean squares for populations for all traits except 
flag leaf length. Much of the variation among populations 
Table 29. Mean squares from analyses of variance for heading date, plant height, 
flag leaf length, growth rate, and spikelets per panicle (by line of 
descent) for the oat strains evaluated in the genetic experiment 
Mean squares 
Source of Degrees of Heading Plant Flag leaf Growth Spikelets/ 
variation freedom date height length rate panicle 
Rotation 1 
Replication 2 17.1** 117.9** 22.5** 0.25 215.5** 
Generation (G) 2 29.8** 470.3** 0.8 0.49 6.8 
G linear 1 3.0 923.4** 0.9 0.15 12.6 
G quadratic 1 56.6** 17.2 0.8 0.83 0.9 
Strains/G 87 34.4** 157.6** 14.** 0.34 66.5** 
Error 178 1.9 16.6 3.1 0.37 25.3 
Rotation 2 
Replication 2 26.3** 149.0** 22.4** 0.08 226.7** 
Generation (G) 2 65.4** 445.7** 26.4** 0.09 136.2** 
G linear 1 15.1** 443.7** 0.4 0.12* 139.4* 
G quadratic 1 115.6** 447.7** 52.3** 0.06 134.1* 
Strains/G 87 46.9** 222.1** 13.6** 0.04 94.6** 
Error 178 1.2 12.8 4.5 0.03 26.5 
*,**Significant at P < 0.05 and P < 0.01, respectively. 
Table 29. (Continued) 
Mean squares 
Source of Degrees of Heading Plant Flag leaf Growth Spikelets/ 
variation freedom date height length rate panicle 
Rotation 3 
Replication 2 22.6** 144.8** 16.7* 0.02 91.5* 
Generation (G) 2 122.8** 251.5** 7.0 0.06 14.8 
G linear 1 122.5** 283.5** 1.8 0.002 14.1 
G quadratic 1 123.2** 219.4** 12.2 0.12* 15.5 
Strains/G 87 46.0** 195.5** 15.2** 0.03 777.5** 
Error 178 1.4 16.0 4.3 0.03 29.2 
Stationary 
Replication 2 34.3** 111.4** 22.5** 0.03 187.3** 
Generation (G) 2 224.3** 970.2** 32.8** 0.09 355.9* 
G linear 1 174.6* 1883.7** 31.8* 0.07 698.6** 
G quadratic 1 273.9* 56.7* 33.8** 0.11 13.1 
Strains/G 87 43.0** 147.2** 17.3** 0.05 70.0** 
Error 178 1.5 13.8 4.9 0.03 20.4 
Table 30. Mean squares from analyses of variance for heading date, plant height, 
flag leaf length, and spikelets per panicle (by generation) for oat 
strains evaluated in the genetic experiment 
Mean squares 
Source of Degrees of Heading Plant Flag leaf Growth Spikelets/ 
variation freedom date height length rate panicle 
F3 
Replication 2 39.4** 167.4** 29.7** 0.04 184.1** 
Lines of descent (LD) 3 67.0** 222.9** 4.7 0.02 171.3** 
Stationary vs DS^ 1 103.2** 567.7** 4.1 0.04 279.1** 
Remainder 2 48.9** 50.5 5.0 0.02 117.4* 
Strains/LD 116 49.7** 201.9** 14.8** 0.04 92.1** 
Error 238 1.7 15.9 4.2 0.02 25.5 
Replication 2 34.3** 
^7 
142.9** 27.3** 0.01 224.1** 
Lines of descent (LD) 3 194.7** 300.9** 2.9** 0.01 34.9 
Stationary vs DS 1 75.4 202.0** 0.0 0.00 4.7 
Remainder 2 254.4** 350.4** 4.3 0.005 50.1 
Strains/LD 116 44.0** 173.2** 15.6 0.04 78.1** 
Error 238 1.6 
F-i 1 
14.4 3.7 0.03 25.5 
Replication 2 24.4** 
^11 
153.5** 28.2* 0.15 211.6** 
Lines of descent (LD) 3 20.9** 6.6 16.4** 0.30 214.4** 
Stationary vs DS 1 5.8* 2.1 41.8** 0.15 61.8 
Remainder 2 28.5** 8.9 3.7 0.08 290.6** 
Strains/LD 116 34.1** 166.6** 15.2** 0.27 61.2** 
Error 238 1.3 13.3 4.7 0.29 25.5 
®DS = disruptive selection. 
*,**Significant at P < 0.05 and P < 0.01, respectively. 
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Table 31. Frequency distributions for 100-seed weight of 
oat strains evaluated in the genetic experiment 
Class midpoints (q) 
Generation 1.8 2.1 2.4 2.7 3.0 3.3 
Rotation 1 
^3 3 2 13 8 4 -
2 8 13 5 2 -
^11 1 7 11 9 1 1 
Rotation 2 
^3 1 10 8 9 2 -
^7 1 8 9 8 3 1 
^11 2 5 17 6 
- -
Rotation 3 
^3 4 15 8 3 -
-
^7 1 12 7 6 3 1 
^11 
- 6 12 12 - -
Stationary 
^3 1 5 12 12 - -
^7 1 7 7 11 4 -
fll 4 8 6 10 2 -
Checks 1 2 11 8 1 
Mean 
2.45 
2.38 
2.45 
2.40 
2.48 
2.38 
2.50 
2.42 
2.47 
2.43 
2.41 
2.41 
2.45 
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Table 32. Frequency distributions for number of spikelets 
per panicle for oat strains evaluated in the 
genetic experiment 
Class midpoints 
Generation 22 27 32 37 42 47 Mean 
Rotation 1 
^3 - 8 9 10 3 - 33.0 
^7 1 6 8 13 2 
- 33.1 
^11 5 15 
Rotation 
7 
2 
2 1 33.5 
^3 1 4 11 8 4 2 35.3 
- 3 13 8 4 2 34.6 
^11 2 8 
Rotation 
11 
3 
6 3 37.0 
^3 2 7 5 10 5 1 34.0 
- 6 12 7 4 1 33.8 
^11 - 4 12 11 2 1 34.6 
Stationary 
^3 2 7 12 6 3 - 32.1 
^7 - 6 13 7 3 1 33.6 
. Fll - 3 5 14 8 - 36.0 
Checks 1 10 6 4 2 31.2 
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was due to significant differences between means for check 
cultivars and those for experimental strains. Means for lines 
of descent differed significantly only for heading date. Mean 
squares for generations were significant for plant height and 
growth rate (Table 27), and for both traits, changes over 
generations were linear. There was significant interaction 
between lines of descent and generations for all traits ex­
cept growth rate. 
As expected, there were few significant sources of varia­
tion for growth rate when the various lines of descent were 
analyzed separately (Table 29). There was a trend for growth 
rate to be increased by natural selection, but the differences 
were not significant. In the mean growth rate of the 
experimental strains ranged from 20 to 30% greater than that 
of the checks. Most sources of variation for heading date 
were significant (Table 29), but natural selection did not 
seem to cause any consistent change for this trait (Table 33). 
Population mean squares for plant height were significant 
(Table 29) in each line of descent, but the changes over gen­
erations were both linear and quadratic. Most of the change 
for this trait occurred between Fg and F^. For flag leaf 
length (Table 29), there were several significant sources of 
variation in each line of descent, but in reality there were 
only small differences between generations in all lines of 
descent (Table 35). Although natural selection effected a 
change in the means of all four traits over generations, they 
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Table 33, Frequency distributions and means for heading 
dates of oat strains evaluated in the genetic 
experiment 
Generation 
Class midpoints (days after May 31) 
14 18 22 26 30 34 Mean 
Rotation 1 
11 
11 
11 
''ll 
Checks 
4 5 17 4 
5 11 9 5 
2 9 15 3 
Rotation 2 
2 11 7 7 
1 5 12 9 
2 8 15 5 
Rotation 3 
4 11 8 6 
1 8 9 9 
1 5 17 6 
Stationary 
7 6 13 4 
- 10 8 8 
1 9 12 6 
3 14 5 1 
1 
3 
1 
2 
1 
3 
2 
21.0 
20.2 
21.3 
22.1 
23.2 
21.5 
20.7 
22.9 
22.3 
20.0 
23.2 
22.0 
18.8 
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Table 34, Frequency distributions and means for plant 
heights of oat strains evaluated in the genetic 
experiment 
Class midpoints (cm) 
Generation 84 90 96 102 108 114 120 128 Mean 
11 
11 
Rotation 1 
3 
3 
3 10 7 4 2 — 
2 8 10 6 1 -
3 4 12 10 1 — 
Rotation 2 
4 7 7 3 1 
2 4 9 10 4 
4 4 7 12 2 
Rotation 3 
^3 — — 6 9 9 5 — 1 
^7 - - 3 10 6 5 5 1 
^11 
- 3 2 6 5 12 2 -
Stationary 
^3 1 2 6 10 11 - - -
^7 - - 4 11 7 6 2 -
Fll - 1 4 3 10 8 4 -
Checks 1 7 9 3 3 
103.9 
105.6 
108.5 
105.1 
109.4 
108.2 
105.3 
108.5 
107.8 
101.9 
106.1 
108.4 
96.0 
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Table 35, Frequency distributions and means 
lengths of oat strains evaluated 
experiment 
for flag leaf 
in the genetic 
Class midpoints (cm) 
Generation 11 14 17 20 23 Mean 
Rotation 1 
F3 1 10 12 7 - 16.6 
^7 - 10 15 4 1 16,4 
^11 1 10 15 2 2 16.4 
Rotation 2 
^3 - 6 15 8 1 17,0 
F7 - 14 12 4 - 16.0 
^11 
- 9 14 7 - 16.9 
Rotation 3 
^3 1 8 14 6 1 16.9 
^7 1 10 13 5 1 614. 
^11 1 6 18 5 - 16.7 
Stationary 
F3 1 6 19 4 - 16.6 
F7 2 9 13 6 - 16.3 
Fil 1 9 8 11 1 17.4 
Checks 9 11 3 16.5 
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Table 36. Frequency distributions and means for growth rate 
of oat strains evaluated in the genetic experiment 
Class midpoints (x 10~^ g/dav) 
Generation 45 50 75 90 105 Mean 
Rotation 1 
F3 1 10 17 2 - 71 
F^ - 9 18 2 1 73 
F^^ 1 9 13 5 2 85 
Rotation 2 
F3 3 11 11 4 1 69 
F^ 8 17 4 1 75 
1 10 13 6 72 
Rotation 3 
F3 1 12 10 7 71 
F^ 1 8 16 4 1 73 
F^^ 4 20 6 76 
Stationary 
F3 2 13 12 2 1 68 
F^ 10 11 8 1 74 
2 9 14 3 2 73 
Checks 6 10 7 - - 60 
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were small in magnitude and nondirectional except for plant 
height and growth rate. The frequency distributions of these 
traits (Tables 33 to 36) conform to the pattern of change 
expected from the means. 
Genotypic Variance 
For certain traits in some lines of descent as evaluated 
in the genetic experiment there was a trend for genotypic 
variances to decrease (Tables 37 and 39). For example, those 
for harvest index and spikelet number decreased fairly 
steadily in three lines of descent. In the stability experi­
ment there was random variations among genotypic variances 
over generations for all traits in all lines of descent 
(Table 38). Certainly, there was no trend for increasing or 
decreasing variances in any trait-line of descent combination. 
So, all in all, there was no evidence of any consistent trend 
of change in genotypic variances in either disruptive or 
stationary lines of descent. 
Stability and Regression Response Index Parameters 
Means for plant, straw, and grain yields, and harvest 
index of the check cultivars and experimental strains of oats 
for the 12 environments in the stability experiment are pre­
sented in Table 40. The 12 environments in the stability 
experiment differed widely in their productivities. The 
productivity ranges ëunong environments, using check cultivar 
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Table 37, Genotypic variances for plant, straw, and grain 
yields, harvest index, and 100-seed weight evalu­
ated in the genetic experiment 
Genera- Plant Straw Grain Harvest 100-seed 
tion yield yield yield index weight 
Rotation 1 
Fg 59.19 42.28 19.03 20.87 0.073 
51.96 32.34 20.97 16.65 0.037 
F^^ 22.14 54.40 12.19 5.64 0.038 
Rotation 2 
Fg 168.17 79.38 30.62 7.70 0.034 
F^ 88.50 54.15 17.63 13.69 0.043 
F^^ 148.28 57.29 30.82 10.03 0.035 
Rotation 3 
F3 137.33 91.83 28.30 23.60 0.026 
Fy 116.58 75.14 24.23 15.88 0.093 
F^^ 21.74 30.88 9.77 13.37 0.022 
Stationary 
F3 244.75 93.89 48.54 23.04 0.057 
F^ 42.81 21.73 37.14 34.88 0.057 
F^^ 151.12 66.08 24.12 9.67 0.075 
Checks 128.91 51.49 19.52 2.22 0.017 
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Table 38, Genotypic variances for plant, straw, and grain 
yields, and harvest index evaluated in the 
stability experiment 
Generation 
Plant 
yield 
Straw 
yield 
Grain 
yield 
Harvest 
index 
11 
11 
11 
''ll 
Checks 
73.18 
50.79 
68.71 
67.14 
71.77 
51.90 
86.92 
65.94 
40.02 
44.87 
43.73 
44.32 
34.57 
33.45 
38.19 
54.04 
27.17 
46.11 
36.74 
35.99 
47.57 
Rotation 1 
27.98 
20.73 
41.52 
30.90 
34.21 
Rotation 2 
24.64 
41.71 
41.24 
18.89 
12.69 
Rotation 3 
26.25 
18.24 
17.74 
18.41 
23.94 
Stationary 
26.37 
15.55 
28.63 
14.85 
12.63 
8.27 
12.58 
7.82 
5.55 
10.01 
8.61 
6.94 
10.48 
3.86 
11.74 
2.27 
4.77 
8.34 
2.96 
6.77 
4.02 
6,89 
7.60 
6.63 
8.73 
7.43 
16.53 
3.81 
1.91 
6 .26  
6.24 
4.04 
7.74 
4.04 
6.25 
9.69 
3.89 
5.20 
3.66 
3.50 
5.95 
6.41 
3.84 
9.37 
8.88 
7.76 
3.04 
3.95 
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Table 39, Genotypic variances of heading date» plant height, 
flag leaf length, growth rate, and spikelet num­
ber evaluated in the genetic experiment 
Genera- Heading Plant Flag leaf Growth Spikelet 
tion date height length rate number 
Rotation 1 
^3 10.03 62.51 3.36 -0.003 16.17 
10.62 49.02 3.04 0.003 15.30 
^11 11.82 29.31 5.31 -0.032 9.28 
Rotation 2 
^3 25.88 104.47 3.05 0.008 25.73 
^7 11.02 56.01 3.60 0.004 19.82 
^11 8.70 48.98 2.47 0.006 22.88 
Rotation 3 
^3 16.05 46.67 4.87 0.009 26.72 
^7 17.79 63.14 4.36 0.004 17.04 
^11 10.70 70.67 1.66 -0.002 4.37 
Stationary 
^3 21.03 34.97 2.86 0.009 19.55 
F7 16.68 43.83 4.89 0.002 17.80 
Fll 12.46 55.01 4.64 0.008 11.99 
Checks 5.43 33.12 2.41 0.005 19.00 
Table 40. Means of plant, straw, and grain yields (q/ha) and harvest index (%) in 
the 12 environments for check cnltivars and experimental strains evalu­
ated in the genetic experiment 
Environment 
number 
Plant vield^ Straw yield Grain vield Harvest index 
A B A B A B A B 
1 26.7 34.9 12.8 17.6 13.9 17.2 51.8 49.4 
2 15.7 20.1 7.7 10.2 8.0 9.9 50.8 49.1 
3 43.6 55.3 22.6 30.3 21.0 25.0 47.7 45.3 
4 50.6 71.6 34.4 47.9 16.2 23.7 32.1 33.1 
5 33.6 42.2 18.2 23.1 15.4 19.0 45.5 45.2 
6 48.9 69.2 30.3 43.1 18.6 26.1 38.0 37.8 
7 52.1 65.6 33.6 42.6 18.6 23.1 35.6 35.1 
8 50.8 67.6 29.3 40.5 21.5 27.2 42.3 40.1 
9 52.9 68.8 33.3 43.1 19.6 25.8 37.0 37.4 
10 73.4 87.9 50.0 61.8 23.4 26.2 32.2 30.2 
11 63.6 86.5 40.9 59.3 22.8 27.1 36.4 31.6 
12 61.1 86.1 40.6 60.4 20.5 25.8 33.8 30.4 
Overall 
mean 47.8 63.0 29.5 40.0 18.3 23.0 40.3 38.7 
= mean for check cultivars, B = mean for experimental strains. 
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means as indexes, were from 15 to 73, 7 to 50, and 8 to 23 
q/ha for plant, straw and grain yields, respectively, and 31 
to 52% for harvest index (Table 40), These environmental 
ranges are sufficiently broad to permit discrimination among 
the genotypes with respect to their abilities to respond to 
environmental differences and to test their stabilities of 
production. Note that experimental strains were more produc­
tive than the check cultivars by 32, 36, and 269S for plant, 
straw, and grain yields, respectively, but they were inferior 
for harvest index by 5%, 
The performance of experimental strains from the bulks 
at various generations of evolution in the four lines of de­
scent were examined by regression analyses of the population 
means. This type of analysis provides information on changes 
that may have occurred, if any, in the generation groups of 
oat strains within each line of descent with respect to re­
gression response indexes. 
Interaction mean squares for plant. straw. and grain yields 
Population means The mean squares for environment x 
population interaction for plant and straw yields were highly 
significant but not for grain yield, and the mean squares for 
environment x population residual were significant for all 
three traits (Table 41). The mean squares for heterogeneity 
of regression were highly significant for plant and straw 
yields but not for grain yield. These indicate that signifi-
Table 41. Mean squares from analyses of variance of population means for plant, 
straw, and grain yields, and harvest index of oat strains evaluated in 
the stability experiment 
Mean squares 
Source of 
variation 
Degrees of 
freedom 
Plant 
yield 
Straw 
yield 
Grain 
yield 
Harvest 
index 
Environment 11 182030.1** 113259.4** 10710.9** 20002.5** 
Environment x 
population (E x P) 
209 217.2** 110.5** 40.9 33.3 
Env linear 1 252.0 148.0 14.0 32.0 
Heterogeneity of 
regression 
19 5094.3** 3108.7** 279.3 550.8** 
Concurrence 1 32465.9** 19022.0** 1023.9 510.0 
Nonconcurrence 18 3573.7** 2223.7* 237.9 553.1** 
E X P residual 200 651.9** 385.8** 569.7** 82.4** 
Error^ 792 123.4 62.7 22.2 35.3 
^Estimated from check cultivars. 
*,**Significant at P < 0.05 and P < 0.01, respectively. 
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cant variation existed among population regression response 
indexes and that linear regression would have predictive value 
for plant and straw yields but not for grain yield. The per­
centages of environment plus population x environment inter­
action sums of squares that were due to heterogeneity of 
population regressions were only 5, 5, and 4 for plant, straw, 
and grain yields, respectively. These percentages are much 
lower than the 19, 29, and 11% for the same yield traits, 
respectively, reported by Gonzalez-Rosquel (1976), He used 
oat strains that originated from the same source as mine but 
his three lines of descent were all from stationary propaga­
tion. The mean squares for area of concurrence of regression 
lines were highly significant and accounted for most of the 
variance for heterogeneity among regressions for plant and 
straw yields. The mean squares for nonconcurrence of regres­
sion lines were also significant for plant and straw yields but 
not for grain yield, indicating that correlation between 
means and regression coefficients were strong but not abso­
lute for plant and straw yields. The pooled deviation from 
regression (environment x population residual) mean squares 
were highly significant for all three traits. 
Strain means The mean squares from the stability 
analyses for strains within generations of each line of de­
scent are presented in Tables 42, 43, and 44 for plant, straw, 
and grain yields, respectively. There was significant varia­
tion for regressions of oat strains for all three yield traits 
Table 42. Mean squares from stability analyses on means of strains within generations and lines 
of descent for plant yield evaluated in the stability experiment 
Source of Degrees of Mean squares 
variation freedom Fg Fy Fg F^^ 
Rotation 1 
Environment 11 8429.7** 7601.0** 6379.2** 10719.8** 5860.6** 
Strains x environment 209 200.8** 158.9** 228.5** 219.5** 207.0** 
(S X E) 
Env. linear 1 158.2 173.5 219.8 164.7 237.2 
Heterogeneity of 19 4952.3** 4629.2** 5750.1** 6172.8** 5371.0** 
regression 
Concurrence 1 63772.6** 44552.2** 38553.5** 42987.7** 40253.3** 
Nonconcurrence 18 1684.4** 2411.2** 3927.6** 4127.5** 3433.0** 
S X E residual 200 202.4** 144.0** 249.1** 232.0** 214.9** 
Error® 792 123.4 123.4 123.4 123.4 123.4 
Rotation 2 
Environment 11 9374.9** 9159.7** 8873.0** 10891.2** 8861.9** 
Strains x environment 209 162.7** 176.7** 248.8** 192.3** 178.3** 
(S X E) 
Env. linear 1 217.0 289.9 230.3 333.0 252.9 
Heterogeneity of 19 5299.0** 5324.3** 4936.1** 6042.2** 5102.2** 
regression 
Concurrence 1 23870.4** 39575.5** 19530.0** 26450.1** 26551.1** 
Nonconcurrence 18 4267.2** 3421.5** 4125.4** 4908.4** 3910.6** 
S X E residual 200 181.4** 181.3** 278.1** 224.5** 187.9** 
Error 792 123.4 123.4 123.4 123.4 123.4 
Estimated from check cultivars. 
**Significant at P < 0.01. 
Table 42. (Continued) 
Source of Degrees of Mean squares 
variation freedom .'F^  Fy F g F^ ^^  
Rotation 3 
Environment 11 9050.6** 8825.1** 9697.4** 10958.7** 9959.3** 
Strains x environment 209 183.9** 168.5** 251.0** 252.0** 211.6** 
(S X E) 
Env. linear 1 205.7 169.4** 208.0 318.8** 209.2** 
Heterogeneity of 19 5220.2** 3013.0** 5690.9** 5897.3** 5782.4** 
regression 
Concurrence 1 5.1 14783.0** 9910.0** 45820.1** 48337.0** 
Nonconcurrence IS 5510.0** 4470.2** 5456.5** 3679.4** 3418.3** 
S X E residual 200 193.3** 184.5** 253.7** 315.0** 218.8** 
Error 792 123.4 123.4 123.4 123.4 123.4 
Stationary 
Environment 11 
Strains x environment 209 
(S X E) 
Env. linear 1 
Heterogeneity of 19 
regression 
Concurrence 1 
Nonconcurrence 18 
S X E residual 200 
Error 792 
7623.1** 
189.5** 
345.5 
4485.3** 
33809.1** 
2856.3** 
189.7** 
123.4 
7648.5** 
215.5** 
201.9 
4305.8** 
14702.0** 
3728.2** 
235.0** 
123.4 
9685.6** 
241.7** 
589.5 
5738.7** 
51031.0** 
3222.5** 
237.4** 
123.4 
9432.1** 
287.3** 
345.0 
5642.1** 
50222.5** 
3165.4** 
281.5** 
123.4 
9952.4** 
191.6** 
254.9 
5432.5** 
11838.3** 
5076.6** 
230.5** 
123.4 
Table 43. Mean squares from stability analyses on means of strains within generations and lines 
of descent for straw yield measured in the stability experiment 
Source of variation Degrees of Mean squares 
variation freedom F y F g Fj^j^ 
Rotation 1 
Environment 11 5118.8** 4411.2** 6379.7** 6013.5** 5860.6** 
Strains x environment 209 98.5** 84.1** 112.9** 108.3** 120.7** 
(S X E) 
Env. linear 1 72.6 80.0 163.3 72.8 123.1 
Heterogeneity of 19 3000.5** 2680.1** 3749.7** 3581.3** 3423.9** 
regression 
Concurrence 1 37796.4** 32355.3** 38445.2** 33502.7** 42036.9** 
Nonconcurrence 18 1067.5** 1031.4** 1822.2** 11919.0** 1278.7** 
S X E residual 200 96.1** 75.5** 112.0** 103.4** 122.7** 
Error 792 62.7 62.7 62.7 62.7 62.7 
Rotation 2 
Environment 11 5906.3** 5748.3** 5706.1** 6691.9** 5213.1** 
Strains x environment 209 89.4** 86.7** 145.6** 92.4** 88.2** 
(S X E) 
Env. linear 1 129.4 147.0 161.7 219.6 160.2 
Heterogeneity of 19 3319.7** 3350.2** 3156.2** 3732.4** 3024.2** 
regression 
Concurrence 1 24554.0** 36767.0** 22624.7** 37545.3** 25443.1** 
Nonconcurrence 18 2140.1** 1493.3** 2074.7** 1853.9** 1778.7** 
S X E residual 200 102.4** 87.8** 165.4** 109.3** 91.3** 
Error 792 62.7 62.7 62.7 62.7 62.7 
Estimated from check cultivars. 
**Significant at P< 0.01. 
Table 43. (Continued) 
Source of Degrees of Mean squares 
variation freedom Fy F g F^^^ 
Rotation 3 
Environment 11 5946.0** 5188.4** 6217.8** 6925.1** 6600.3** 
Strains x environment 209 96.2** 83.3** 126.7** 128.6** 117.8** 
(S X E) 
Env. linear 1 125.4 91.0 171.8 166.3 122.1 
Heterogeneity of 19 3457.2** 2945.8** 3670.6** 3722.1** 3916.8** 
regression 
Concurrence 1 12556.5** 13929.3** 12416.2** 41047.7** 37597.3** 
Nonconcurrence 18 2951.7** 2335.7** 3184.7** 1648.5** 2045.6** 
S X E residual 200 98.6** 92.1** 125.0** 161.0** 113.6** 
Error 792 62.7 62.7 62.7 62.7 62.7 
Stationary 
Environment 11 4931.8** 4816.5** 6019.3** 5541.0** 6117.8** 
Strains x environment 209 100.6** 109.6** 122.7** 141.7** 97.4** 
(S X E) 
Env. linear 1 159.6 79.6 311.2 167.1 146.3** 
Heterogeneity of 19 2951.7** 2699.3** 3559.8** 3289.2** 3429.0** 
regression 
12700.0** Concurrence 1 29701.8** 8575.5** 37448.8** 26336.2** 
Nonconcurrence 18 1465.8** 2372.8** 1677.1** 2008.3** 2913.9** 
S X E residual 200 95.2** 122.7** 119.6** 139.6** 111.9** 
Error 792 62.7 62.7 62.7 62.7 62.7 
Table 44. Mean squares from stability analyses on means of strains within generations and lines 
of descent from grain yield evaluated in the stability experiment 
Source of Degrees of Mean squares 
variation freedom F y Fg Fj^ j^  
Rotation 1 
Environment 11 548.6** 520.0** 429.5** 257.0** 582.9** 
Strains x environment 209 37.0** 25.9** 42.1** 38.1** 38.6** 
(S X E) 
Env. linear 1 19.9 16.1 5.5 29.9 30.5 
Heterogeneity of 19 326.2** 315.1** 269.1** 432.2** 306.9** 
regression 
Concurrence 1 2011,6** 1783.0** 334.4** 1380.3** 422.8** 
Nonconcurrenc e 18 238.5** 233.5** 265.5** 377.1** 300.4** 
S X E residual 200 37.8** 85.7** 47.5** 46.0** 41.1** 
Error® 792 22.2 22.2 22.2 22.2 22.2 
Rotation 2 
Environment 11 495.3** 516.4** 487.4** 728.3** 650.6** 
Strains x environment 209 36.5** 36.8** 37.4** 40.9** 35.1** 
(S X E) 
Env. linear 1 12.5 25.3 7.6 11.0 16.9 
Heterogeneity of 19 285.6** 313.7** 264.2** 386.2** 358.5** 
regression 
Concurrence 1 329.6** 1371.3** 39.6** 1369.6** 906.2** 
Noncurrence 18 783.4** 254.9** 277.2** 331.7** 328.1** 
S X E residual 200 38.1** 22.9** 40.7** 46.1** 38.3** 
Error 792 22.2 22.2 22.2 22.2 22.2 
E^stimated for check cultivars. 
S^ignificant at P < 0.01. 
Table 44. (Continued) 
Source of Degrees of Mean squares 
variation freedom Fg F y F g Fj^j^ 
Rotation 3 
Environment 11 504.9** 601.9** 514.0** 624.5** 545.9** 
Strains x environment 209 35.1** 31.7** 38.5** 48.1** 35.4** 
(S X E) 
Env. linear 1 12.3 16.3 15.5 17.0 18.2 
Heterogeneity of 19 272.9** 349.4** 284.6** 279.6** 254.8** 
regression 
Concurrence 1 17.1 784.3** 201.2** 1855.5** 859.7** 
Nonconcurrence 18 287.1** 325.2** 289.2** 192.1** 221.2** 
S X E residual 200 38.3** 33.0** 41.4** 58.0** 42.7** 
Error 792 22.2 22.2 22.2 22.2 22.2 
Stationary 
Environment 11 457.4** 468.0** 537.3** 690.3** 628.6** 
Strains x environment 209 35.8** 40.6** 40.2** 54.1** 35.5** 
(S X E) 
Env. linear 1 28.5 37.8 42.2 38.3 18.4 
Heterogeneity of 19 232.6** 286.2** 332,0** 411.9** 317.7** 
regression 
Concurrence 1 329.9** 1883.4** 1931.2** 2983.7** 11.6** 
Nonconcurrence 18 227.0** 197.4** 243.1** 269.0** 334.7** 
S X E residual 200 40.4** 40.8** 39.8** 55.2** 41.4** 
Error 792 22.2 22.2 22.2 22.2 22.2 
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in each generation of each line of descent. I found that 
variation for heterogeneity among regressions accounted for 
a fairly high proportion of the total variation due to en­
vironment plus genotype x environment interaction. For ex­
ample , the proportion ranged from 31% for grain yield in Fg 
of rotation 3 to 95% for plant yield in Fg of the stationary 
line of descent. For plant and straw yields, the proportions 
ranged from 63 to 83% to 64 to 78%, respectively, and they 
tended to be higher in disruptively selected lines of descent 
than in the stationary one. In most cases, the proportion of 
the environment plus genotype x environment sum of squares 
attributable to variation among regressions was greater for 
plant and straw yields than for grain yield. 
The mean squares for concurrence of the regression lines 
were highly significant for all three yield traits and they 
accounted for much of the heterogeneity among regressions 
except for plant and straw yields in the Fg of rotation 3. 
Mean squares for nonconcurrence and strain x environment 
residual were highly significant in all cases. 
As a generality, my results show that the oat strains 
interacted significantly with environments in each generation 
in each line of descent. There was no obvious tendency for 
the interaction to become greater or smaller over generations, 
and the interactions for all lines of descent were more or 
less similar in magnitude. In every population of strains, 
a major portion of the significant interaction was due to 
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heterogeneity among regression response indexes for the oat 
strains, and a major portion of this significant mean square 
was due to concurrence of the regression lines. However, 
significant mean squares did occur for nonconcurrence which 
shows that the b values for the various oat strains did have 
significantly different slopes in each population. 
Interaction mean squares for harvest index 
Population means The mean square for population x 
environment was not significant for harvest index (Table 41). 
However, that for heterogeneity among regressions was sig­
nificant but this source accounted for only 5% of the varia­
tion in harvest index. The mean square for concurrence of 
regression lines was not significant but the mean squares for 
nonconcurrence and environment x population residual were 
highly significant. Only a small portion (5%) of the hetero­
geneity among regressions was attributable to concurrence of 
the population regression lines. 
Strain means The mean squares from stability analyses 
of strain means in generations within line of descent for 
harvest index are presented in Table 45. Mean squares for 
heterogeneity among regressions were highly significant in 
every population, and they accounted for between 46 and 72% 
of the environment plus strain x environment interaction 
variation. In most cases, mean squares for concurrence and 
nonconcurrence of regression lines were significant except in 
Table 45. Mean squares from analyses of variance on means of strains within generations and 
lines of descent for harvest index evaluated in the stability experiment 
Source of 
variation 
Degrees of 
freedom 
^3 ^5 :7 ^9 ^11 
Rotation 1 
Environment 11 1021.3** 823.1 1072.2** 850.3** 1082.1** 
Strains x environment 209 37.0 30.0 27.8 55.3 30.9 
(S X E) 
Env. linear 1 8.0 18.0 38.0 10.0 20.0 
Heterogeneity of 19 623.0** 497.0** 609.4** 507.0** 590.0** 
regression 
Concurrence 1 875.0** 151.0** 22.0 599.0** 14.0 
Nonconcurrence 18 609.0** 516.0** 642.0** 502.0** 622.0** 
S X E residual 200 36.0 25.5 30.0 56.3 36.0 
Error^ 792 35.3 35.3 35.3 35.3 35.3 
Rotation 2 
Environment 11 1066.8** 1115.5** 1020.7** 1086.9** 1017.9** 
Strains x environments 209 34.6 32.8 36.7 27.1 30.8 
(S X E) 
Env. linear 1 25.0 10.0 31.0 28.0 45.0 
Heterogeneity of 19 615.0** 674.0** 574.0** 593.0** 582.0** 
regression 
Concurrence 1 1095.0** 10.0 904.0** 199.0** 6.0 
Nonconcurrence 18 558.0** 712.0** 556.0** 615.0** 614.0** 
S X E residual 200 30.3 30.2 39.8 31.7 32.7 
Error 792 35.3 35.3 35.3 35.3 35.3 
^Estimated from check cultivars. 
**Significant at P < 0.01. 
Table 45. (Continued) 
Source of Degrees of Mean squares 
variation freedom F y F g F^^^ 
Rotation 3 
Environment 11 1005.1** 1016.1** 1341.4** 907.3** 1156.1*^ 
Strains x environment 209 29.0 27.4 27.3 31.6 30.3 
(S X E) 
Env. linear 1 25.0 18.0 46.0 8.0 11.0 
Heterogeneity of 19 557.0** 584.0** 764.0** 450.0** 627.0*-»-
regression 
Concurrence 1 185.0* 300.0** 601.0** 31.0 737.0:^ 
Nonconcurrence 18 577.0** 599.0** 773.0** 473.0** 621.0*> 
S X E residual 200 32.6 29.0 30.1 40.1 35.5 
Error 792 35.3 35.3 35.3 35.3 35.3 
Stationary 
Environment 11 1100.3** 943.7** 921.1** 872.3** 1205.7*v 
Strains x environment 209 37.5 36.5 34.8 45.2 29.0 
(S x E) 
Env. linear 1 6.0 9.0 7.0 5.0 25.0 
Heterogeneity of 19 643.0** 580.0** 548.0** 517.0** 721.0*>-
regression 
Concurrence 1 773.0** 46.0 1138.0** 13.0 34.0 
Nonconcurrence 18 636.0** 610.0** 315.0** 532.0** 759.0*)-
S X E residual 200 38.5 34.9 35.5 47.3 28.1 
Error 792 35.3 35.3 35.3 35.3 35.3 
*Significant at p < 0.05. 
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F g and of rotation 1 and F g and F^^^ of the stationary 
line of descent. The variation attributable to concurrence 
of regression lines accounted for much of the variation due 
to heterogeneity among regressions. The strains x environment 
residual mean squares were significant in most cases. 
Regression response indexes for plant. straw, and grain yields 
Population means I measured the response of the popu­
lations by regressing the mean yields for each population upon 
the environmental indexes estimated on the basis of the means 
of the 23 check cultivars. When the regression response in­
dexes were plotted against generations within lines of de­
scent, the stationary line of descent showed a steeper slope 
than any of the disruptively selected ones for all three 
yield traits (Figures 1, 2, and 3). However, the differ­
ences among the fitted lines tended to disappear in advanced 
generation which indicates that natural selection tended to 
favor responsive genotypes more in the stationary than in the 
disruptively selected lines of descent. The response indexes 
for plant and straw yield population means were significantly 
greater than 1.0 in all generations of the disruptively se­
lected lines of descent, but th^ were not significant in 
Fg and Fg for plant yield and Fg of straw yield in the sta­
tionary line of descent. The stationary line of descent 
showed a steady increase in the b value from Fg to F^^ for 
both plant and straw yields, but no similar trend was 
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established in the disruptively selected ones. For grain 
yield, the b values were not significantly different from 1.0 
for any population, indicating that any differences in reac­
tion of the various lines of descent to natural selection was 
attributable to the reaction of straw yield. The mean popu­
lation response indexes ranged from 1.25 to 1.40, 1,31 to 1.59, 
and 1.06 to 1.35 in disruptively selected lines of descent, 
and 1.18 to 1.35, 1.31 to 1.60, and 0.97 to 1.25 in the sta­
tionary line of descent for plant, straw, and grain yield, 
respectively. 
Strain means There was great variation among b values 
of the oat strains within each population for all three yield 
traits. However, there was no easily detectable change in the 
pattern of frequency distributions of response indexes over 
generations in any line of descent (Tables 46, 47, and 48). 
High proportions of the strains had b values not significantly 
different from 1.0, and there was no difference between the 
two types of lines of descent, i.e., rotational or stationary. 
For plant yield, 14 and 18% of the strains in disruptively 
selected and stationary lines of descent, respectively, had 
response indexes significantly different from 1,0. Comparable 
values were 27 and 2®6, and 4 and 5% for straw and grain 
yields, respectively. However, the rotations in the group of 
disruptive lines of descent differed among themselves for the 
proportion of strains with b values different from 1.0; for 
example, for plant yield, 18, 12, and 20% of strains in 
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Table 46. Frequency distribution of response index for plant 
yield in generation within line of descent evalu­
ated in the stability experiment 
Class midpoints for regression population 
Genera­
tion 0.2 0.6 1.0 1.4 1.8 >2.0 
regression 
index 
Rotation 1 
0 1 5 11 3 - 1.26* 
^5 0 3 6 8 3 0 1.21* 
F? 0 0 5 12 3 0 1.37* 
Fg 0 1 4 10 5 0 1.40* 
Fll 0 1 5 9 5 0 1.31* 
Rotation 2 
F3 0 0 7 11 2 0 1.32* 
F5 0 2 6 7 4 1 1.29* 
F7 0 2 7 8 3 0 1.25* 
Fg . 0 1 3 / 12 4 0 1.40* 
Fll 0 1 4 13 2 0 1.28* 
Rotation 3 
F 3  
0 0 8 9 3 0 1.30* 
F 5  
0 1 4 14 1 0 1.28* 
F? 0 2 4 10 4 0 1.34* 
Fg 0 2 4 10 4 0 1.38* 
Fll 0 1 4 9 6 0 1.36* 
Stationary 
F 3  
0 4 5 9 2 0 1.19 
F 5  
0 2 11 5 2 0 1.18 
F? 0 0 5 9 5 1 1.35* 
Fg 0 3 5 a 4 0 1.33* 
Fll 0 1 3 13 3 0 1.33* 
•Significantly different from 1.0 at P < 0.05, 
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Table 47. Frequency distribution of response index for straw 
yield in generation within line of descent evalu­
ated in the stability experiment 
Class midpoints for regression Population 
Genera­
tion 0.2 0.6 
J. ca 
1.0 1.4 1.8 >2.0 
regress; 
index 
Rotation 1 
0 1 7 10 2 0 1.41* 
^5 0 2 7 8 3 0 1.31* 
F ?  
0 0 4 12 3 1 1.58* 
F g  0 1 2 12 4 1 1.53* 
F l l  
0 2 3 8 5 0 1.49* 
Rotation 2 
F 3  
0 0 3 15 2 0 1.50* 
F 5  
0 1 7 8 2 2 1.49* 
F ?  
0 1 5 9 5 0 1.42* 
F g  0 1 0 13 6 0 1.59* 
F l l  
0 1 6 12 1 0 1.42* 
Rotation 3 
F 3  
0 0 6 10 3 0 1.52* 
F 5  
0 0 7 11 1 0 1.40* 
F ?  
0 0 6 8 6 0 1.55* 
F g  0 0 5 10 4 0  1.57* 
F l l  
0 0 4 8 7 1 1.60* 
Stationary 
F 3  
0 2 4 11 3 0 1.34* 
F 5  
0 2 8 8 2 0 1.31 
F ?  
0 0 7 7 6 0 1.54* 
F g  0 2 6 8 4 0 1.55* 
F l l  
0 0 3 13 4 0 1.51* 
•Significantly different from 1.0 at P < 0.05. 
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Table 48. Frequency distribution of response index for grain 
yield in generation within line of descent evalu­
ated in the stability experiment 
Class midpoints for regression Population 
Genera- response index regression 
tion 0.2 0.6 1.0 1.4 1.8 >2.0 index 
^3 
^5 
^7 
^9 
^11 
^3 
^5 
^7 
Fg 
^11 
^3 
^5 
^7 
^9 
^11 
^3 
^5 
^7 
F9 
fll 
Rotation 1 
0 3 8 7 2 0 1.17 
0 5 4 9 2 0 1.14 
0 4 12 2 2 0 1.06 
0 2 6 7 6 0 1.35 
0 3 11 3 3 0 1.12 
Rotation 2 
2 2 7 9 0 0 1.07 
1 6 5 5 3 0 1.09 
0 5 8 7 0 0 1.05 
0 4 5 7 2 2 1.24 
1 2 6 7 4 0 1.21 
Rotation 3 
1 6 5 6 2 0 1.03 
0 3 7 7 3 0 1.21 
3 3 4 9 2 0 1.06 
0 4 9 5 2 0 1.07 
1 3 10 5 1 0 1.03 
Stationary 
0 8 7 4 1 0 0.97 
3 4 6 4 3 0 1.03 
1 5 5 6 2 1 1.12 
1 3 6 2 6 2 1.25 
0 1 9 9 1 0 1.15 
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rotations 1, 2, and 3, respectively, had b values signifi­
cantly different from 1.0, and for straw yields, the values 
were 32, 25, and 31% for rotations 1, 2, and 3, respectively. 
There was no difference among the rotational lines of descent 
for grain yield. 
Regression response index for harvest index 
Population means For harvest index, none of the 
population regression response indexes for the various popula­
tions was significantly different from 1.0 (Table 49), and 
most mean b values were very close to 1,0. Also there was no 
difference between the two types of lines of descent and none 
among the rotations within the disruptively selected lines of 
descent. No pattern of change was apparent in the b values 
over generations within any line of descent. 
Strain means There was no trend of change for the 
frequency distributions of strains within populations in the 
disruptively selected lines of descent, but the strains with 
b = 1.4 increased in advanced generations of the stationary 
line of descent (Table 49). The proportions of strains with 
b significantly different from 1.0 were 5 and G% for disrup­
tively selected and stationary lines of descent, respectively. 
Percentages of strains with b significantly greater than 1.0 
were 7, 3, and 5% for rotations 1, 2, and 3, respectively. 
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Table 49. Frequency distribution of the response index for 
harvest index in generation within line of descent 
evaluated in the stability experiment 
Class midpoints for regression 
Genera ..spouse 
tion 0.2 0.6 1.0 1.4 1.8 >2.0 index 
^3 
^5 
^7 
^9 
^11 
^3 
^5 
^7 
^9 
^11 
^3 
^5 
^7 
^9 
^11 
^3 
^5 
^7 
F9 
Fll 
Rotation 1 
0 5 11 3 1 0 0.98 
1 5 12 2 0 0 0,88 
0 4 13 3 0 0 0.99 
2 5 9 4 0 0 0.87 
0 4 12 4 0 0 0.98 
Rotation 2 
0 7 8 4 1 0 0.99 
1 3 10 6 0 0 1.02 
1 3 13 3 0 0 0.93 
0 2 16 2 0 0 0.99 
0 5 12 3 0 0 0.97 
Rotation 3 
1 5 11 3 0 0 0.94 
0 6 12 2 0 0 0.98 
0 2 11 6 1 0 1.12 
0 10 8 2 0 0 0.84 
3 12 5 0 0 0 1.01 
Stationary 
1 2 15 1 1 0 H
 0
 
0
 
1 5 11 3 0 0 0.94 
0 4 15 1 0 0 0.94 
1 6 9 4 0 0 0.88 
0 4 9 7 0 0 1.07 
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Stability of plant. straw, and grain yields 
The production stability of these traits was evaluated 
by the coefficient of determination (the proportion of the 
variation for a trait that was due to linear regression). 
Population means The coefficient of determination for 
generation means within lines of descent for plant, straw, and 
grain yields are presented in Table 50, In every instance, 
a very high percentage of the population mean yield was due 
to linear regression. For example, the percentages ranged 
from 80 to 97%, 84 to 93%, and 70 to 95% for plant, straw, 
and grain yields, respectively. The population mean yields 
were generally more stable than those of the check cultivars 
which had mean percentages of 75, 77, and for plant, 
straw, and grain yields, respectively, attributable to linear 
regression. There was no difference between the disruptively 
selected and stationary lines of descent in the mean coeffi­
cient of determination for the three yield traits. Natural 
selection did not cause any significant change in stability of 
the population mean yields over generations. 
Strain means There was great variation among oat 
strains within populations (generation within line of descent) 
for coefficients of determination for plant, straw, and grain 
yields (Tables 51, 52, and 53), The values ranged from 0,14 
in Fg generation to 0,97 in Fg from the stationary line of 
descent. For oat strains with regression indexes significantly 
greater than 1.0, the coefficients of determination were 
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Table 50. Coefficient of determination of oat population 
means for plant, straw, and grain yield and har­
vest index evaluated in the stability experiment 
Line of descent 
Genera­ Rotation Rotation Rotation 
tion 1 2 3 Statioi 
Plant yield 
^3 0.96 0.95 0.96 0.95 
F 5  
0.96 0.94 0.95 0.80 
F? 0.95 0.91 0.95 0.97 
Fg 0.96 0.93 0.89 0.95 
F l l  
0.95 0.96 0.96 0.92 
Straw yield 
F3 0.92 0.91 0.92 0.89 
F5 0.93 0.91 0.89 0.84 
F7 0.93 0.84 0.92 0.93 
Fg 0.92 0.89 0.84 0.90 
F l l  
0.90 0.91 0.92 0.88 
Grain yield 
F 3  
0.95 0.88 0.81 0.79 
F 5  
0.96 0.88 0.94 0.80 
F ?  
0.81 0.86 0.83 0.90 
Fg 0.81 0.80 0.70 0.84 
F l l  
0.81 0.86 0.74 0.83 
Harvest index 
F 3  
0.96 0.92 0.88 0.93 
F 5  
0.96 0.94 0.96 0.94 
F 7  
0.93 0.90 0.94 0.97 
Fg 0.91 0.91 0.77 0.88 
F l l  
0.90 0.93 0.90 0.96 
Check 
0.75 
0.77 
0 .68  
0.G4 
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Table 51, Means of coefficients of determination for oat 
strains classified according to whether their re­
gression response indexes were significantly above 
or below 1,0 or not different from 1.0 for plant 
yield evaluated in the stability experiment 
Genera­
tion b < 1.0 bNS^ b > 1.0 
Range of 
2 
mean r 
Rotation 1 
^3 - 0.67 0.85 0.50-0,86 
^5 
- 0.70 o.sg 0.47-0,95 
F? - 0.67 0.85 0.46-0,89 
Fg - 0.67 0,82 0.49-0.91 
Fll 0.67 
Rotation 2 
0,83 0.53-0.91 
^3 - 0.72 0.85 0,57-0,93 
Fs - 0.70 0.80 0.21-0.92 
F7 - 0.63 0.90 0.17-0,91 
Fg - 0.68 0.87 0,50-0.92 
Fll 0.69 
Rotation 3 
0.86 0.23-0.89 
F3 - 0.69 0.81 0.48-0.86 
F5 - 0.69 0.91 0.50-0.95 
F? - 0.63 0.87 0.24-0.87 
Fg - 0.60 0.81 0.26-0.91 
Fll - 0.65 0.84 0.33-0.92 
Stationary 
F3 0.43 0.65 0.88 0.40-0.97 
F5 - 0.62 0.83 0.14-0.93 
F? - 0.64 0.87 0.25-0.93 
Fg - 0.60 0.84 0.18-0.94 
Fll 0.64 0.88 0.36-0.93 
^NS = not significantly different from 1.0 at P < 0.05. 
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Table 52. Means of coefficients of determination for oat 
strains classified according to whether their re­
gression response indexes were significantly above 
or below 1.0 or not different from 1.0 for straw 
yield evaluated in the stability experiment 
Genera­
tion b < 1.0 bNS^ b > 1.0 
Range of 
mean r^ 
Rotation 1 
F] - 0.70 0.87 0.45-0.91 
F5 - 0.71 0.88 0.40-0.95 
F? - 0.71 0.86 0.47-0.93 
Fg - 0.6g 0.88 0.09-0.94 
Fll - 0.62 0.82 0.50-0.86 
Rotation 2 
F3 - 0.66 0.88 0.59-0.95 
F5 - 0.75 0.87 0.62-0.94 
F? - 0.65 0.92 0.22-0.95 
Fg - 0.71 0.87 0.60-0.92 
Fll - 0.72 0.89 0.36-0.95 
Rotation 3 
F3 - 0.75 0.87 0.54-0.94 
F5 - 0.68 0.89 0.52-0.94 
F? - 0.65 0.86 0.43-0.90 
Fg - 0.65 0.82 0.37-0.88 
Fll - 0.50 0.86 0.50-0.94 
Stationary 
F3 - 0.69 0.87 0,37-0.98 
F5 - 0.68 0.86 0,17-0.89 
F? - 0.69 0.85 0.37-0,93 
Fg - 0.59 0.86 0,21-0.91 
Fll 0.65 0.89 0.40-0.98 
^NS = not significantly different from 1.0 at P < 0.05. 
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Table 53, Means of coefficients of determination for oat 
strains classified according to whether their re­
gression response indexes were significantly above 
or below 1.0 or not different from 1.0 for grain 
yield evaluated in the stability experiment 
Generation-
tion b < 1.0 bNS^ b > 1.0 
Range of 
mean r^ 
Rotation 1 
^3 0.43 0.79 0.17-0.80 
0.50 0.80 0.19-0.83 
F? 0.37 - 0.10-0.70 
Fg 0.47 0.70 0.17-0.71 
Fll 0.40 0.89 0.12-0.89 
Rotation 2 
^3 0.41 
- 0.00-0.77 
0.43 0.72 0.00-0.75 
P? 0.40 - 0.08-0.80 
Fg 0.37 0.80 0.11-0.78 
0.44 0.73 0.08-0.74 
Rotation 3 
^3 0.36 0.75 0.02-0.79 
Fs 0.47 0.81 0.11-0.80 
F? 0.38 - 0.04-0.71 
Fg 0.32 0.77 0.06-0.78 
Fll 0.38 - 0.06-0.73 
Stationary 
Fg 0.34 - 0.11-0.66 
F5 0.37 0.69 0.00-0.69 
F? 0.39 0.85 0.00-0.91 
Fg 0.40 0.74 0.01-0.71 
Fix 0.43 0.13-0.72 
^NS = not significant different from 1.0 at P < 0.05. 
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always greater than 0.80, 0.82, and 0,69 for plant, straw, 
2 
and grain yields, respectively. The r for strains with b 
equal to 1.0 were intermediate in magnitude (i.e., 0,60 to 
0,70, 0,50 to 0.75, and 0.30 to 0,50 for plant, straw, and 
grain yields, respectively). There was no trend of change 
for coefficients of determination for plant and straw yields 
over generations within any line of descent and there were no 
differences between the various lines of descent. For grain 
2 yield, all r 's were lower than comparable ones for straw and 
plant yields, but the trends were similar. Natural selection 
did not cause a directional change in stability indexes 
(i.e., r ) in any line of descent. 
Stability of harvest index 
2 Population means The r for population means for 
harvest index ranged from 0.77 to 0.96 (Table 50). Differ­
ences in stability did not exist among the four lines of de­
scent. Mean harvest indexes for the populations of experi­
mental strains were more stable than those for the check 
cultivars. 
Strain means There was a large range for coefficients 
of determination for oat strains within each population. 
Strains with regression indexes significantly greater than 
1,0 had high r^'s, i.e,, 0,80 to 0,93, and hence stable 
(Table 54), Genotypes with b = 1,0 had r 's ranging from 
0.49 to 0.68 whereas those with b significantly less than 
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Table 54. Means of coefficients of determination for oat 
strains classified according to whether their re­
gression response indexes were significantly above 
or below 1.0 or not different from 1.0 for harvest 
index evaluated in the stability experiment 
Genera­
tion b < 1.0 bNS^ b > 1.0 
Range of 
mean r 
Rotation 1 
F3 - 0.59 0.93 0.28-0.93 
P5 - 0.60 0.88 0.04-0.89 
F? 0.50 0.61 0.88 0.40-0.90 
Fg 0.51 0.60 - 0.00-0.82 
Fll - 0.60 - 0.24-0.84 
Rotation 2 
F3 - 0.60 - 0.17-0.90 
F5 0.26 0.58 0.91 0.13-0.89 
F? - 0.58 - 0.09-0.89 
Fg - 0.63 - 0.37-0.81 
Fll 0.38 0.63 - 0.34-0.87 
Rotation 3 
F3 0.57 0.61 0.88 0.09-0.96 
F5 - 0.65 0.90 0.42-0.91 
F? - 0.69 0.89 0.45-0.89 
Fg 0.30 0.49 - 0.21-0.77 
Fll - 0.63 0.89 0.25-0.90 
Stationary 
F3 0.44 0.60 0.89 0.08-0.98 
F5 - 0.59 - 0.02-0.92 
F? 0.40 0.65 - 0.18-0.94 
Fg 0.38 0.57 0.86 0 «03-0.86 
Fll 0.53 0.68 0.80 0.25-0.86 
®NS = not significantly different from 1.0 at P < 0.05. 
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2 1.0 had low r 's. Stability indexes were similar for all 
lines of descent. 
Correlations Among Mean Yield, Regression Response 
Index (b) and Coefficient of Determination (r^) 
Interparameter correlations are presented in Tables 55 to 
58 for plant, straw, and grain yields, and harvest index, re­
spectively. Generally, correlations between means and re­
gression indexes for plant yield were positive and 15 of 20 
were significant. These parameters for straw yield were 
equally positively correlated with 17 of the associations 
being significant. For grain yield, correlations between 
means and regression indexes were positive but low. Only 5 
of 20 were significant. In contrast, Gonzalez-Rosquel (1976) 
found very high correlations between these parameters for 
grain yield in oat populations similar to mine. Thus, strains 
with high mean plant and straw yields tended to give high 
response to improving environments in my populations. There 
was no correlation between means and regression indexes for 
harvest index. 
In all cases except Fg generation of the stationary line 
of descent, there was no correlation between means and produc­
tion stabilities (r^) for plant and straw yields. Neither 
was there any correlation between the parameters for grain 
yield and harvest index (except Fg generation of rotations 1 
and 2, and F^ of stationary line of descent). There were high 
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Table 55. Correlations among the mean, regression (b) and 
coefficient of determination (r2) for plant yield 
evaluated in stability experiment 
Generation 
Mean yield 
vs b 
Mean yield 
vs r2 
Regression 
vs r2 
Rotation 1 
F3 0.82** 0.14 0.54* 
F5 0.71** 0.32 0.67** 
F? 0.59** -0 .24 0.42 
Fg 0.61** 0.19 0.78** 
-11 0.63** 0.05 0.58** 
Rotation 2 
F3 0 .49* -0.12 0.38 
F5 0 .63** -0.16 0.51* 
F? 0.46* -0.36 0.49* 
Fg 0.48* 0.21 0.53* 
Fl l  0.53* 0.36 0.73** 
Rotation 3 
F3 0 .00 -0.36 0.43 
F5 0 .39 0.02 0.57** 
F7 0 .30 -0.04 0.76** 
Fg 0.64** 0.06 0.54* 
Fi i  0.66** 0.08 0.61** 
Stationary 
F3 0.63** 0.55* 0.75** 
F5 0 .43 -0.13 0.67 
F? 0.68** 0.28 0.68** 
Fg 0.68** -0.003 0,68** 
Fl l  0 .34 -0.17 0.64** 
*,**Correlations significantly different from zero at 
5% and 1%, respectively. 
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Table 56, Correlations among the mean, regression (bj and 
coefficient of determination (r2) for straw yield 
evaluated in the stability experiment 
Generation 
Mean yield 
vs b 
Mean yield 
vs r2 
Regression 
vs r2 
Rotation 1 
^3 0.81** 0.17 0.60* 
Fs 0.80** 0.34 0.59* 
C? 0.73** -0.20 0.30 
F, 0.70** 0.36 0.38 
Fll 0.80** 0.04 0.31 
Rotation 2 
F3 0.63** -0.39 0.04 
Fs 0.76** -0.16 0.31 
F7 0.61** -0.40 0.31 
Fg 0.73** 0.06 0.28 
Fll 0.67** 0.20 0.49** 
Rotation 3 
F3 0.43 -0.10 0.22 
F5 0.50* -0.30 0.46* 
F? 0.42 -0.03 0.64** 
Fg 0.76** -0.11 0.34 
FXI 0.71** -0.01 0.41 
Stationary 
F3 0.73** 0.48 0.66** 
F5 0.41 -0.33 0.57* 
F7 0.74** 0.07 0.54* 
Fg 0.65^^ 0.08 0.59** 
Fll 0.44^ -0.04 0.65** 
•«••Correlations significantly different from zero at 
5% and 2%» respectively. 
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Table 57, Correlations among the mean, regression (b), and 
coefficient of determination (r2) for grain yield 
evaluated in the stability experiment 
Generation 
Mean yield 
vs b 
Mean yield 
vs r2 
Regression 
vs r2 
Rotation 1 
F3 0.57** 0 .21  0 .72* 
F5 0.55* o . ig  0 .78** 
F? 0.26  0 .05  0 .75** 
Fg 0.41  0 .03  0 .24  
Fll 0.27  -0 .16  0 .81** 
Rotation 2 
F3 0.25  0 .16  0 .83** 
F5 0,48  0 .20  0 .83** 
F? 0,08  -0 .20  0 .82** 
Fg 0.43  0 .20  o .go** 
Fll 0.36  0 .17  0 .77** 
Rotation 3 
F3 -0 .06  -0 .26  0 .86** 
F5 0.34  0 .34  0 .81** 
F? o. ig  0 .13  0.94** 
Fg 0.5g  0 .31  0 .7g** 
Fll 0.42  0 .22  0 .67** 
Stationary 
F3 0.27  0 .11  0 .87* 
F5 0.5g** 0.35  0 .83** 
F? 0.55* 0 .33  0 .81** 
Fg 0.62** 0 .20  0 .7g** 
Fll 0.04  -0 .30  0 .7g** 
*,**Correlations significantly different from zero at 
5% and 1%, respectively. 
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Table 58. Correlations among the mean, regression (b), and 
coefficient of determination (r^) for harvest in­
dex evaluated in the stability experiment 
Mean yield Mean yield Regression 
Generation vs b vs r^ vs r^ 
Rotation 1 
^3 0.27 0.52* 0.76** 
Fg 0.13 0.12 0.91** 
F? -0.04 -0.15 0.62** 
Fg -0.25 -0.24 0.90** 
Fll 0.01 0.12 0.84** 
Rotation 2 
^3 
0.30 0.55* 0.74** 
^5 0.02 0.20 0.83** 
F? 0.29 0.39 0.91** 
Fg -0.13 0.18 0.64** 
Fll -0.004 0.14 0.63** 
Rotation 3 
F3 0.13 0.16 0.73** 
F5 
1 0
 
H
 
en
 
-0.02 0.52* 
F? 0.20 -0.10 0.64** 
Fg 0.06 0.19 0.85** 
Fll 0.25 0.12 0.63** 
Stationary 
F3 0.25 0.36 0.73** 
F5 0.06 0.19 0,88** 
F? 0.33 0.61* 0.69** 
Fg 0.04 0.03 0.81** 
Fll 0.05 0.06 0.78** 
*,**Correlations significantly different from zero at 
5% and 156, respectively. 
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positive correlations between regression response indexes and 
production stabilities for all traits so that strains with 
high regression values tended to be stable also. 
Selection Studies 
I selected the higher 20% of the strains in the 
generation of each line of descent on the basis of grain yield 
and examined them for the other traits—plant and straw yields, 
and harvest index, and their responsiveness and stability of 
production (Table 59). Generally, for grain yield, the se­
lected strains were average in response to improving environ­
ments with b values near 1.0, and they had low stability 
indexes ranging between 0.14 and 0.62. For plant yields, 
they had high means and high stability indexes in most cases, 
but only 2 of 20 strains had regression coefficients signifi­
cantly greater than 1.0. Straw yields of the selected strains 
also were high and quite stable and they tended to respond 
better to improving environments with 9 of 20 strains having 
b values significantly greater than 1.0. The harvest indexes 
for all selected strains were higher than the average for 
the experimental strains. They had regression coefficients 
equal to 1.0 except for one strain, but there was great varia­
tion among strains for stability of harvest index. Generally, 
the selected high yielding strains were highly stable for 
plant and straw yields, and their response indexes were equal 
to or greater than 1.0. However, as expected from the results 
Table 59. Characteristics of oat strains selected for high grain yield (selection intensity = 
20%) in each line of descent when evaluated in the stability experiment 
Grain yield Plant yield Straw yield Harvest index Strain  ^  ^  ^  ^
no. Mean b r Mean b r Mean b r Mean b r 
Rotation 1 
3083 29.4 1.19 0.32 76.8 1.38 0.77 47.4 1.54* 0,90 40.2 1.24 0.80 
3081 28.3 1.09 0.19 79.4 1.63 0.71 51.1 1.84* 0,82 38,1 1,16 0.61 
2084 27.9 1.11 0.29 74.5 1.64 0.77 46.6 1.78* 0,74 40,4 0,86 0.31 
2083 27.5 0.90 0.14 71.0 1.03 0.36 43.6 1.15 0,50 39,9 1,10 0.67 
1083 26.6 0.95 0.37 63.5 0.95 0.59 36.8 0.98 0,67 43,4 0,87 0.62 
Rotation 2 
4089 27.3 1.32 0.63 69.0 1,64* 0,83 41.7 1.48* 0,87 41,6 0,86 0.87 
1088 25.9 1.43 0.62 60.9 1.28 0.82 35.0 1.17 0,88 44,6 1,04 0.79 
1089 25.5 1.02 0.43 62.5 1.04 0.68 37.0 1.03 0.75 42.1 0,91 0.70 
2089 24.5 0.85 0.18 68.1 1.42 0.76 43.6 1.59 0.78 38,9 1,12 0.53 
4088 24.3 1.37 0,47 65.0 1,29 0.84 40.7 1.27 0.94 38,1 0,66 0.42 
Rotation 3 
4091 29.7 1.35 0.37 88,2 1,80* 0.78 58.5 1.85* 0.84 35,2 0,64 0.50 
2094 28,0 1.01 0.28 67.2 1.29 0.63 39.2 1.39 0.72 43.7 1.21 0.67 
2093 27.5 1.12 0.67 69.4 1.32 0.69 41.9 1.38 0.67 42.2 0.94 0.68 
3092 26.0 0.90 0.21 75,6 1.63 0.75 49.6 1.84* 0.82 36.5 0.88 0.48 
1095 25.7 1.13 0.59 67.9 1.12 0.61 42.1 1,19 0.59 40.1 1.22 0.78 
Stationary 
4100 29.7 1.32 0.28 78.0 1.34 0.52 48.2 1.33 0.64 39.8 0.95 0.73 
1096 29.1 1.02 0.47 73.3 1,71* 0.93 44.2 1.68* 0.98 41.5 0.81 0.54 
4098 28.6 0.82 0.17 73.5 1.05 0.41 44,9 1.07 0.50 40.1 0.55* 0.54 
1097 27.3 1.02 0.47 70.0 1.47 0.80 42,8 1.62* 0.86 42,1 1.34 0.86 
3098 26.7 1.17 0.40 70.4 1,37 0.75 43.7 1,51* 0.84 40,2 1.16 0.74 
^Significantly different from 1.0 at P <0.05. 
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of the interparameter correlations, no pattern of relation­
ship existed between the traits and their coefficients of 
determination. 
I also examined 20% of the strains in of each line of 
descent with the lowest grain yield (Table 60), The response 
indexes for grain yields of the group of oat strains were not 
significantly different from 1.0 except for only one in rota­
tion 2. There was great variation among them for stability 
indexes with only a few strains of average (r >0,60) 
stability of production. The regression coefficients for 
plant and straw yields were near 1,0 in most cases, but they 
were lower than those of the highest yielding strains. Also, 
the poor yielding strains had above average stability of plant 
and straw with only a few strains having r <0,60, The trend 
was also similar for harvest index. 
Table 60. Characteristics of oat strains selected for low grain yield (selection intensity = 
20%) in each line of descent when evaluated in the stability experiment 
g . Grain yield Plant yield Straw yield Harvest index 
otïâxn 2 2 2 2 
no. Mean b r Mean b r Mean b r Mean b r 
Rotation 1 
4081 22.1 1.62 0.62 55.3 1.31 0.69 33.1 1.22 0.63 42.7 1.03 0.58 
2085 19.8 0.97 0.43 65.7 1.33 0.62 34.9 1.44 0.66 39.1 1.03 0.77 
3084 19.2 0.91 0.43 60.2 1.58* 0.90 41.0 1.72* 0.86 34.9 0.81 0.43 
2082 17.7 0.92 0.62 44.1 0.83 0.81 26.4 0.78 0.77 42.4 0.88 0,52 
4084 17.2 0.52 0.12 45.5 0.73 0.57 28.3 0.80 0.83 38.8 1.02 0.65 
Rotation 2 
3090 21.8 1.92* 0.73 52.7 1.61 0.73 35.9 1.50 0.68 38.9 0.65 0.34 
3087 21.2 1.10 0.64 58.2 1.19 0.79 37.0 1.17 0.80 38.6 1.00 0.70 
1090 21.2 1.37 0.73 57.9 1.42* 0.89 36.7 1.42* 0.88 39.1 0.97 0.65 
2088 19.1 1.19 0.65 53.3 1.29 0.72 34.2 1.29 0.75 38.2 1.05 0.66 
4086 17.4 0.40 0.08 52.8 0.52 0.26 35.4 0.63 0.37 33.7 0.92 0.58 
Rotation 3 
3091 21.9 0.45 0.06 65.5 1.16 0.57 43.7 1.38 0.56 36.5 0.92 0.25 
4095 21.3 1.32 0.64 58.8 1.21 0.91 37.5 1.21 0.93 37.1 0.61 0.35 
1093 21.2 0.99 0.52 55.1 0.95 0.80 33.9 0.96 0.86 39.5 0.90 0.71 
1092 20.0 0.66 0.16 58.8 1.01 0.59 38.8 1.08 0.70 35.5 0.95 0.64 
4093 19.5 0.38 0.07 61.6 0.70 0.34 42.0 0.90 0.50 33.2 1.34* 0.89 
Stationary 
4099 21.4 1.36 0.62 58.8 1.28 0.76 37.4 1.21 0.78 38.2 0.80 0.71 
1098 20.9 0.51 0.13 62.5 1.06 0.63 41.6 1.29 0.77 35.7 1.31 0.80 
2097 20.6 1.15 0.47 56.7 1.35 0.64 36.1 1.43 0.68 39.6 1.26 0.70 
3096 20.6 1.65 0.60 51.6 1.24 0.74 31.0 0.99 0.64 41.1 0.55 0.05 
4097 17.8 0.99 0.48 52.7 0.81 0.58 34.8 0.83 0.59 35.0 1.22 0.71 
*Significantly different from 1.0 at P < 0.05. 
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DISCUSSION 
Generation Means and Variances 
Many authors (Suneson, 1956; Rasmusson et al., 1967; 
Fatunla, 1973; Gonzalez-Rosquel, 1976) have reported that 
natural selection has induced increases in grain yield of bulk 
populations of autogamous field crops. Borlaug (1968) re­
ported yield improvement and wide adaptation of wheat varie­
ties developed via disruptive selection. My study was de­
signed to investigate the effect of disruptive selection on 
bulk populations of oats. Natural selection tended to increase 
the plant, straw, and grain yields in my materials with ad­
vancing generations in all four lines of descent (i.e., 
rotations 1, 2, and 3 of disruptively selected and the 
stationary lines of descent). 
There was no significant difference between the means for 
plant, straw, or grain yields from disruptively selected and 
from the stationary lines of descent in either the genetic or 
stability experiment. The stationary line of descent yielded 
slightly lower than the disruptively selected type, but it 
showed a relatively consistent, although slow, improvement in 
plant, straw, and grain yields over generations in the sta­
bility experiment. The disruptively selected lines of de­
scent were inconsistent in their response to natural selection, 
probably due to the rotation over locations. Rotation 2 which 
was started in southern Iowa tended to yield lower than the 
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others in all generations. In rotations 1 and 3, started in 
central and northern Iowa, respectively, yield decreases were 
observed in the generations propagated in southern Iowa. 
These observations implied that southern Iowa, which is a 
less productive environment, did not favor high-yielding 
genotypes. This suggests that natural selection in suboptimal 
environments tend to favor genotypes that are not high yield­
ing. Nevertheless, there were net increases in yield from 
F g to in all lines of descent. Therefore, the effect of 
natural selection was the same as if a stationary site had 
been used in all lines of descent. 
The lack of differences in the evolution of mean yields 
in these lines of descent might be explainable by the types 
of environments that occurred during the bulk propagation. 
Borlaug (1968) and Tsai et al. (1967), who reported signifi­
cant increases in yield of disruptively selected wheat and 
soybeans, respectively, used two very contrasting environments 
(i.e., summer and spring or winter crop seasons) for propagat­
ing their segregating generations. In my study, it is likely 
that the three environments (i.e., southern, central, and 
northern Iowa) were not very different. During the bulk 
propagation, the crop seasons were optimal in central Iowa 
and plants were protected from foliar diseases by a fungicide. 
The northern location was very similar except for an outbreak 
of crown rust in 1957, In the southern location, there was 
severe infestation by barley yellow dwarf virus (BYDV), a 
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condition that, although good for selection for resistance 
against BYDV, was found by Suneson (1956) to cause selec­
tion for depressed yield in his bulk barley population. Any 
depressing effect of southern location on the bulk population 
most likely was somewhat offset by the growing of the three 
rotational bulks in better environments for two of three 
years in each rotation; thus, the stationary site had no 
continual advantage. However, the percentage increase for all 
three yield traits was higher for the stationary line of 
descent. 
The mean squares for environment x strain/populations 
were about the same in all lines of descent, which indicated 
that there was no general difference for the environment x 
genotype interaction tendencies in the stationary and rota­
tional propagating systems. If the stationary line of descent 
had specific adaptation to the central Iowa location, as re­
ported by Gonzalez-Rosquel (1976), its mean square for environ 
ment x strain/populations should have been greater than those 
of the disruptively selected lines of descent, but it was not. 
Allard and Bradshaw (1964) classified environmental variation 
responsible for genotype x environment interaction into pre­
dictable (location and treatment) and unpredictable (yearly 
fluctuations) sources and suggested that they have distinct 
impacts on breeding programs. Therefore, the lack of differ­
ence in adaptation reaction for the two types of lines of 
descent may have been because predictable and unpredictable 
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sources of environmental variation were similar at all three 
propagation sites, with the result that natural selection 
was similar in all propagation schemes; thus, it did not 
matter whether the bulk populations were propagated in a 
stationary site or in a rotation over locations. Somewhat 
surprisingly, there was little, if any, reduction in geno-
typic variances for plant, straw, and grain yields and no 
difference between the two types of lines of descent for this 
parameter. Both inbreeding and natural selection exert pres­
sure on the genotypic variance in bulk populations. Inbreed­
ing increases the among strain variance, whereas, if natural 
selection is directional, it tends to reduce the genotypic 
variance by eliminating the poorer strains. Whether the 
genotypic variance is increased or decreased will depend on 
which of these two opposing forces exerts the greater influ­
ence. It was shown that directional selection did occur, 
and oats is an autogamous crop; therefore, it appears that 
inbreeding and natural selection tended to have more or less 
compensating effects on the genotypic variances of my bulk 
oat populations. 
There was significant variation among the lines of descent 
for harvest index but there was no difference between station­
ary and disruptively selected lines of descent; that is, the 
disruptively selected lines of descent varied among them­
selves. There was little change in the harvest indec over the 
generations because of the very small variability for this 
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trait in the Fg. The magnitude and time of changes in each 
line of descent were different. 
There was no variation for seed weight among the bulk 
populations, and irrespective of the method by which the line 
of descent was derived, natural selection did not effect a 
significant change in seed weight over generations. This 
inability to measure variation for lOO-seed weight may have 
been due to a manifestation of the weather during oat grain 
filling in 1978 and not of the natural selection phenomenon, 
The temperatures during grain filling in 1978 were unusually 
high, which caused ripening to occur prior to maximum filling 
of all oat strains. Natural selection did not affect flag 
leaf length or growth rate, but then, probably little effect 
could have been expected because little or no variability 
existed for these traits in the bulk population from which my 
materials originated. 
Means for heading date, plant height, and number of 
spikelets per panicle were significantly different among gen­
erations in all lines of descent. In all instances, there 
was a trend towards taller plants and an increase in number of 
spikelets per panicle. The increase in number of spikelets 
per panicle was greater in the stationary line of descent 
but the difference between the two types which was apparent 
in Fg had disappeared by F^^. Changes in heading date were 
small and unpredictable in all lines of descent. Frey (1967) 
and Fatunla (1973) found no significant changes for seed 
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weight» heading date, or plant height from continuous 
propagation of bulk oat populations. Gonzalez-Rosquel (1976) 
also found no change for number of spikelets per panicle and 
flag leaf length due to small genotypic variances in his bulk 
oat populations. My study corroborated the findings of 
Gonzalez-Rosquel (1976) that experimental strains in bulk oat 
populations were much more vigorous than the check cultivars 
even at Fg, 
Response and Stability Parameters 
The significant genotype x environment interaction ob­
served for plant, straw, and grain yields, and harvest index 
in all 20 populations meant that the genotypes responded dif­
ferently in the 12 test environments. In each population, the 
heterogeneity of regression response indexes was highly sig­
nificant and it accounted for a proportion of the genotype x 
environment interaction ranging from 31% for grain yield to 
95% for plant yield. Eagles et al. (1977), Fatunla and Frey 
(1974), and Gonzalez-Rosquel (1976) found only 5 to 2(3% of the 
genotype x environment sums of squares for random oat strains 
was due to heterogeneity of regression. This indicated the 
greater importance of response index in my oat populations 
than in theirs. The proportion tended to remain unchanged 
over the generations within each line of descent which meant 
that natural selection had no effect on it. Each population 
had a mean response index significantly greater than 1.0 for 
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plant and straw yield but not for grain yield and harvest 
index. However, there was a wide range of b values among oat 
strains, ranging from a low of -0,16 for grain yield to a 
high of 2.14 for straw yield. There was a trend toward an 
increase in response index in the stationary line of descent 
but none was apparent in the disruptively selected group for 
the three yield traits, Fatunla (1973) and Gonzalez-Rosquel 
(1976) found that natural selection resulted in an increased 
response index in bulk oat populations propagated at permanent 
sites. Thus, disruptive selection tended to prevent a shift 
in the response of my oat populations to improving environ­
ments. Very small proportions of the strains in each popula­
tion (16, 28, and 5% for plant, straw, and grain yield, re­
spectively) had response indexes significantly different from 
1,0 even though the population mean response indexes were 
significantly greater than 1.0. 
Some authors have found that disruptively selected geno­
types were very stable in contrasting environments. Gonzalez-
Rosquel (1976) found that oat strains from bulk oat popula­
tions propagated in northern and southern Iowa were more 
stable than those from the central Iowa line of descent, but 
no change occurred in mean stability over generations of 
propagation. My oat populations had high coefficients of 
determination which ranged from 0,80 to 0,96, 0,84 to 0,93, 
and 0,70 to 0,96 for plant, straw, and grain yields, respec­
tively, and 0.77 to 0,96 for harvest index. Thus, the oat 
126 
strains from my bulk oat populations were very stable over 
the range of environments used in my experiment. There was 
no difference between the mean stability indexes for the 
stationary and disruptively selected lines of descent. 
Probably, natural selection affected the bulk populations 
equally in the disruptive selection and stationary lines of 
descent because the propagation sites were not very con­
trasting environments. The level of heterozygosity in a 
population decreased with each generation of inbreeding, 
whereas a bulk population remained essentially heterogeneous. 
Because no directional change occurred in the evolution of 
yield stability in the bulk populations, it appears that 
heterogeneity was more influential than heterozygosity and 
natural selection in molding the genotypic array within a 
population over generations. The coefficient of determina­
tion for genotypes within each population was highly variable 
but the ranges were about the same in all populations; there­
fore, natural selection did not influence the evolution of 
yield stability in the bulk oat population. 
Correlation between mean and response indexes were vari­
able in all lines of descent for plant, straw, and grain 
yields. The values were positive and high in some cases, but 
intermediate between the low values reported by Langer et al. 
(1978) and high values of Eagles (1975) and Gonzalez-Rosquel 
(1976), who studied released varieties and random strains, 
respectively. The variable and low correlation found for my 
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random strains suggests that the association between yield 
and response index may not be related to the degree of selec­
tion practiced in the population as explained by Langer et al. 
(1978). There was no correlation between mean yield and 
stability parameter as measured by coefficient of determina­
tion in any of my populations, which indicated that these 
traits were independent. It is, therefore, possible to select 
high yielding genotypes that are stable in variable 
environments. 
High positive correlations existed between response index 
and yield stability in all of my oat populations. The per­
centage of yield variation accounted for by regression in 
genotypes with regression response indexes equal to, signifi­
cantly above and below 1.0 were 60, 90, and 40, respectively. 
Because these associations were not perfect, genotypes with 
high mean yields which responded to and were stable in vari­
able environments probably can be selected in these popula­
tions. Actually, there was great variation among the high-
and low-yielding strains selected on the basis of grain yield 
with some low-yielding strains being as stable as the high-
yielding ones. Because of the association of regression re­
sponse index with mean and coefficient of determination, one 
can speculate that major genes or block of genes controlling 
these traits are location on the same chromosome. However, 
mean shows no association with coefficient of determination; 
therefore, it may be assumed that the loci for genes 
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controlling response regression index are located between 
those for genes controlling mean yield and coefficient of 
determination. 
My findings corroborated those of other researchers, 
namely, that natural selection may be effective in increasing 
the mean for plant, straw, and grain yields in bulk popula­
tions of autogamous crop plants. The oat season for 1978 
was optimum for growth and development during the vegetative 
growing period; however, abnormally high temperatures that 
occurred early in July before the grains were fully filled 
resulted in curtailed grain development and lower grain yields. 
Thus, 1978 environment may have inhibited valid results for 
grain yield and 100-seed weight in my evaluation. 
Disruptive selection probably prevented a steady increase 
in yield improvement in my bulk oat populations due to the de­
pressing effect at the low yielding propagation site in 
southern Iowa. Evolution of response to varying environments 
was more apparent in the bulk population propagated at the 
stationary site. However, contrasting environments required 
to fully exploit the advantage of disruptive selection may not 
have been present among the sites used to set up the materials 
for my study. No difference existed in the relative stabili­
ties of oat strains from the bulks from the four lines of de­
scent, so natural selection seemed to have no effect on evolu­
tion of yield stability in my materials. Finally, there may 
not be a clear-cut demarcation between specific and general 
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adaptation in a small and fairly uniform region like Iowa; 
hence, the reaction of a population to the yearly fluctuations 
of environments in a location would not be different from 
that over many sites. 
In a capital intensive agricultural system, high-yielding 
genotypes of oats with average response (b = 1,0) and high 
stability (r = 1.0) in improved environments may be desirable. 
My results confirm that yield improvements are possible by 
bulk propagation of segregating generations. However, natural 
selection did not affect the response and stability character­
istics of the bulk populations. Contrary to expectation, the 
disruptively selected lines of descent were not more stable 
than the stationary one. This suggests that to fully exploit 
the advantage of disruptive selection in improving the sta­
bility of the bulk populations very contrasting propagation 
sites should be used. Because correlations among the parame­
ters were not absolute, strains which combine high yield, re­
gression response index of 1.0, and high coefficient of deter­
mination (high stability) are present in the populations. 
Thus, a bulk population can preserve such desirable genotypes 
for artificial selection in advanced generations. 
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SUMMARY 
The bulk oat population used for my study was derived by 
mixing Fg seeds from a number of crosses. Then the seeds 
were divided into four lots with one lot being propagated in 
central Iowa for eight consecutive generations (i.e., sta­
tionary line of descent) whereas the other three lots were 
propagated in a rotational procedure over locations in central, 
southern,and northern Iowa in successive generations during 
bulk propagation (i.e., disruptively selected line of descent). 
To evaluate the stationary vs disruptive selection pro­
cedures for effects from natural selection, two experiments 
were conducted. The genetic experiment, sown at Ames, con­
sisted of 30 random strains from the Fg, F^, and F^^^ of each 
line of descent plus 23 check cultivars sown in a randomized 
block design with five replicates. The stability experiment 
was sown in 12 environments and consisted of 20 random strains 
from the Fg, Fg, F^, Fg, and F^^^ generations of each line of 
descent plus the same 23 check variables. An augmented design 
was used for the stability experiment whereby the experimental 
strains were unreplicated but the check cultivars were 
replicated four times in each environment. Hill plots were 
used for both experiments. 
In the genetic experiment, data collected on plant, 
straw, and grain yields, harvest index, seed weight, number 
of spikelets per panicle, heading date, plant height, growth 
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rate, and flag leaf length were evaluated for evolution of 
means and genotypic variances. From the stability experi­
ment, data collected on plant, straw, and grain yields, and 
harvest index were evaluated for changes in generation means, 
genotypic variances, regression response index, and production 
stability. 
Natural selection induced increases in the means of plant, 
straw, and grain yields in all lines of descent, but the mag­
nitude and timing of the changes were different in the 
stationary from the disruptively selected lines of descent. 
There was little or no reduction in genotypic variances for 
any trait with advancing generations in any line of descent, 
and no difference existed between the two types of lines of 
descent. 
On a population mean basis, heterogeneity of regression 
accounted for a very small proportion of the genotype x 
environment interaction variations. It accounted for a higher 
proportion of the genotype x environment interaction variation 
among the strains than the populations. All populations had 
regression response indexes significantly greater than 1.0 for 
plant and straw yields but not for grain yields and harvest 
index. Natural selection increased the regression response 
index of the stationary line of descent but had no directional 
effect on the disruptively selected lines of descent. Thus, 
the stationary line of descent tended to respond better to 
high productivity environments. There was wide variation 
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among the genotypes in all lines of descent for regression 
response index but very small proportions of the genotypes had 
regression coefficients significantly different from 1.0. 
The coefficients of determination of the populations were 
very high for all traits assayed in the stability experiment 
and on mean basis the bulk populations were highly stable. 
There was no directional change in the stability of the popu­
lations and no difference was apparent between the stationary 
and disruptively selected lines of descent. Heterogeneity 
of the populations had a more exerting influence on their 
stability than did heterozygosity and natural selection. How­
ever, the genotypes within each population varied greatly 
for production stability. Highly stable genotypes can be 
selected even at Fg in all lines of descent. 
Heading date, plant height, and number of spikelets per 
panicle responded to natural selection in all lines of descent. 
Bulk propagation at a single site resulted in greater number 
of spikelets per panicle than did disruptive selection. Seed 
weight, flag leaf length and growth rate did not respond to 
natural selection in all lines of descent. 
Overall, disruptive selection pressure was very mild and 
indistinguishable from the effect of natural selection at a 
single propagation site, probably because the environments 
were not very different over the sites. 
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APPENDIX 
Table 61. Means, regression response indexes, and coefficients of determination for plant, straw, 
and grain yields, and harvest index, of populations (generations within lines of descent) 
as evaluated in the stability experiment 
Plant yield Straw yield Grain yield Harvest index 
Population Mean „ Mean _ Mean Mean 
no. (q/ha) b r (q/ha) b r (q/ha) b r (%) b r 
1 59.6 1.26 0.97 37.5 1.41 0.92 22.1 1.17 0.95 39.0 0.98 0.96 
2 56.7 1.21 0.99 35.6 1.31 0.93 21.1 1.14 0.96 39.2 0.88 0.96 
3 62.0 1.37 0.95 39.8 1.58 0.93 22.2 1.06 0.81 38.3 0.99 0.93 
4 62.9 1.40 0.94 39.3 1.53 0.92 23.6 1.35 0.81 39.9 0.87 0.91 
5 64.7 1.31 0.96 40.9 1.49 0.90 23.8 1.12 0.81 39.1 0.98 0.90 
6 61.7 1.32 0.95 39.4 1.50 0.91 22.4 1.07 0.88 38.5 0.99 0.92 
7 60.7 1.29 0.94 38.9 1.49 0.90 21.8 1.09 0.88 38.2 1.02 0.95 
8 62.6 1.25 0.91 40.1 1.42 0.84 22.5 1.05 0.86 38.5 0.95 0.90 
9 66.1 1.40 0.93 41.8 1.59 0.89 24.3 1.24 0.80 38.9 0.99 0.91 
10 61.6 1.28 0.95 38.7 1.42 0.91 22.9 1.21 0.86 39.2 0.97 0.93 
11 64.5 1.30 0.96 41.8 1.52 0.92 22.7 1.03 0.81 37.2 0.94 0.88 
12 62.8 1.28 0.96 39.5 1.40 0.89 23.3 1.21 0.94 39.1 0.98 0.96 
13 61.6 1.34 0.95 39.6 1.55 0.92 22.1 1.06 0.82 38.5 1.12 0.94 
14 66.9 1.38 0.81 42.8 1.57 0.84 24.1 1.07 0.90 38.0 0.84 0.78 
15 67.2 1.36 0.96 43.4 1.60 0.92 23.8 1.03 0.74 37.8 1.01 0.90 
16 60.3 1.19 0.95 40.7 1.83 0.89 22.1 0.97 0.79 38.8 1.00 0.93 
17 64.0 1.77 0.80 39.6 1.31 0.84 22.5 1.03 0.86 38.1 0.94 0.94 
18 65.9 1.35 0.97 42.0 1.54 0.93 23.9 1.12 0.90 38.6 0.94 0.97 
19 66.0 1.33 0.96 40.7 1.45 0.90 25.4 1.25 0.84 40.4 0.88 0.88 
20 63.6 1.33 0.92 40.2 1.51 0.88 23.3 1.15 0.83 39.1 1.07 0.96 
Table 62. Means, regression response indexes, and coefficients of determination for plant, straw, 
and grain yields, and harvest index of check varieties as evaluated in the stability 
experiment 
Plant yield Straw yield Grain yield Harvest index 
Entry Mean _ Mean _ Mean _ Mean _ 
Variety no. (q/ha) b r (q/ha) b r (q/ha) b r (%) b r 
Richland 101 37. 9 0, .62 0, .78 22. .6 0. 73 0. ,79 15, .3 0. ,73 0. ,22 40 .4 1, .13 0. ,83 
Cherokee 102 48. , 2  1, .27 0, .92 33. ,3 1. 41 0. ,92 14. 9 0, 46 0. ,41 37 .3 1, .10 0. 88 
Tippecanoe 103 47. 9 0, .89 0. 92 30. ,8 1. 09 0. ,94 17. 1 1. ,24 0. ,74 36 .9 1. 02 0. ,96 
Jaycee 104 40. 8 0, .81 0, .86 24. ,0 0. 88 0. ,90 16. ,8 0. ,63 0. ,68 44 .0 1, .02 0. ,91 
Neal 105 42. 7 0, .81 0. 92 25. ,4 0. ,84 0. ,89 17. ,3 0. ,82 0. ,66 39 .5 0. ,87 0. ,83 
Mult. E74 106 41. .3 0, .81 0. 91 25. 0 0. ,87 0. ,86 16. ,3 0. ,91 0. ,75 41 .4 1. ,05 0. ,85 
Garland 107 45. 1 0. 69 0. 33 28. 6 1. ,25 0. ,91 16. ,5 0. ,89 0. ,78 39 .9 1. ,26 0, ,94 
Holden 108 55. 4 1, .04 0, .90 36. 5 1. ,03 0. ,82 18. ,9 0. ,93 0. ,76 41 .1 0. ,93 0. ,84 
Mult. E73 109 54. ,0 1. 17 0. 91 31. 8 1. ,35 0. ,89 22. ,2 1. ,37 0. ,82 37 .8 1. ,19 0. ,91 
Otter 110 48. 8 1. 01 0, .51 29. 6 1. 16 0. ,72 19, ,2 1. ,01 0. ,69 42 .8 1. ,02 0. ,85 
Portal 111 50. 5 0, .99 0, 83 28, .7 1. ,17 0. ,85 21. ,8 1, 16 0. ,69 39 .6 1, .09 0. ,96 
Dal 112 41. 0 0. 32 0, .05 22, .2 1. ,16 0. ,81 18. ,8 0. ,79 0. ,60 34 .7 0. ,81 0. ,68 
Nodaway 70 
0 * Brien 
113 54. 3 1, .24 0, .95 37, .6 1. ,29 0. ,89 16, ,7 0. ,59 0. ,36 41 .6 0. ,89 0. ,80 
114 52, .8 0, .65 0. 77 31, .4 0. ,75 0. ,75 21. ,4 1. ,38 0. ,92 40 .5 0. ,94 0. ,81 
Nobel 115 52. 6 1, .21 0, .65 35, .4 0. ,23 0. ,02 14. ,2 0. ,67 0. ,56 40 .4 1, 01 0. ,88 
Stout 116 52. 1 1. 06 0. 92 30, .3 1. ,14 0. ,89 21. ,8 1. ,36 0. ,76 41 .5 0. ,96 0. ,95 
Grundy 117 48. .3 0. 55 0. 22 27, .7 1. ,15 0. ,84 20. 6 1. ,13 0. ,88 41 .5 1. 03 0. ,89 
Lang 118 57. ,1 1. 33 0, .55 36, .1 0. ,08 0. ,00 21. ,0 1. 20 0. ,86 43 .8 0. 94 0. ,89 
CI9170 119 62 .7 1. 17 0, .94 37 .0 1. ,20 0. ,86 25. 7 1. 45 0. ,91 41 .0 0. 80 0, 76 
CI9172 120 38. ,2 0. 83 0. 83 20 .1 0. ,87 0, 74 18, .1 1, .34 0. 97 42 .1 1, .17 0, .71 
CI9174 121 39. ,4 0. 75 0. 69 24. ,6 0. ,77 0. ,62 14. 8 0. 83 0. ,80 40 .4 0, .80 0, .56 
CI9178 122 39. 3 0, .91 0, .92 24. 1 0. ,98 0, .91 15. 2 0. 88 0. 64 38 .8 1, .06 0, .84 
CI9184 123 45. 5 0. 97 0. 92 30 .8 0. ,97 0. ,85 14, .7 1. 03 0, .83 39 .0 0, .93 0, .79 
